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INTRODUCTION 

The  Order  of  the  Board  of  Natural  Resources  and  Conservation 
establishing  water  reservations  for  the  Yellowstone  basin  was 
signed  on  December  15,  1978.  As  a  result  of  that  Order,  the 
Department  of  Fish,  Wildlife  and  Parks  (MDFWP)  was  granted  an 
instream  reservation  for  the  Yellowstone  River  at  Sidney  of 
approximately  5.5  million  acre-feet  of  water,  with  differing 
amounts  granted  in  upstream  reaches  and  tributaries . 

The  MDFWP  applied  for  instream  reservations  on  many  streams  and 
tributaries  where  little,  if  any,  flow  data  were  available.  When 
granting  instream  reservations  for  those  waters,  the  Board 
frequently  granted  a  percentile  flow  rather  than  a  specific 
amount  of  water  in  cfs  or  acre-feet.  In  such  cases,  the  MDFWP 
was  directed  by  the  Board,  through  condition  116,  to  develop  and 
submit  to  the  Board  within  5  years  of  December  15,  1978,  a  plan 
to  convert  the  minimum  flow  instream  reservation  quantities  into 
cubic  feet  of  water  per  second  and  acre-feet  of  water  per  month. 

Condition  117  states  that  the  reservant  shall  submit  an  annual 
progress  report  to  the  Board  setting  forth  accomplishments  toward 
completion  of  such  work  as  outlined  in  condition  116,  a  schedule 
of  anticipated  progress,  and  other  information  as  may  be 
prescribed  by  the  Board.  This  eighth  annual  progress  report  is 
designed  to  fulfill  those  requirements. 

INSTREAM  FLOW  QUANTIFICATIONS 

The  first  annual  progress  report  outlined  a  tentative  plan  for 
accomplishing  the  objectives  in  condition  116.  The  tentative 
plan  was  then  reviewed,  commented  on  and  revised.  In  the  second 
annual  report,  a  final  plan  to  convert  the  minimum-flow  instream 
reservations  into  cubic  feet  of  water  per  second  and  acre-feet 
per  month,  using  hydrologic  modeling  techniques,  was  submitted  to 
the  Board.  This  was  done  pursuant  to  the  Board's  order, 
specifically  condition  116(b).  The  Department  of  Natural 
Resources  and  Conservation  (DNRC)  concurred  in  the  plan  as 
presented  and  additionally  suggested  a  provision  for  verifying 
the  chosen  methodology  (Riggs'  Method)  using  existing  long-term 
gaging  stations  in  the  area.  The  testing  and  verification  of  the 
Riggs'  Method  were  performed  by  Systems  Technology,  Inc.  and 
presented  verbally  to  the  Board.  A  summary  of  the  verification 
procedure  was  presented  in  the  third  annual  report.  The  findings 
in  general  were  very  good,  and  the  report  states  that  better 
results  than  those  obtained  during  verification  can  be  achieved 
through  a  careful  study  of  basin  characteristics  for  all  gaged 
streams  in  the  Upper  Yellowstone  Basin,  and  the  omission  of 
hydrologically  different  streams. 

The  final  plan  for  quantifying  the  percentile  flows  was  approved 
by  the  Board  on  June  5,  1981.  Streams  in  need  of  quantification 
at  that  time  are  shown  in  Table  1. 


Completed  Quantifications 

The  quantification  of  the  granted  percentile  flows  is  being 
completed  by  the  Helena  office  of  the  USGS  through  a  cost-share 
cooperative  agreement  with  the  MDFWP .  During  the  first  year  of 
the  agreement  (phase  1),  the  needed  flow  data  were  collected  for 
22  stream  sites  within  the  Yellowstone  River  drainage  upstream 
from  the  Shields  River.  The  preliminary  instream  flow 
quantifications  that  were  derived  by  the  USGS  for  these  sites 
were  presented  in  the  fifth  annual  report.  During  the  second 
year  of  the  agreement  (phase  2),  the  needed  flow  data  were 
collected  for  19  stream  sites  in  the  Shields  River  drainage  as 
well  as  the  Yellowstone  River  drainage  downstream  from  the 
Shields  River.  The  preliminary  flow  quantifications  for  these 
sites  were  presented  in  the  sixth  annual  report.  The  draft  of  a 
formal  report  that  finalized  the  quantifications  for  phase  1  and 
2  streams  was  completed  by  the  USGS  in  September,  1985  and 
reviewed  by  this  Department.  The  final  report  was  released  in 
1986,  and  is  attached  to  this  eighth  annual  report  as  Appendix  A. 

The  USGS  decided  during  the  second  year  of  the  agreement  (phase 
2)  to  extend  streamflow  records  at  all  gages  used  in  the 
regression  analyses  (Riggs'  Method)  to  a  common  1934-82  base 
period.  The  purpose  of  the  record  extension  was  to  eliminate  any 
bias  that  might  result  from  using  a  short-record  gage  that  might 
not  be  truly  representative  of  long-term  hydrologic  conditions. 
All  final  quantifications  (except  Hanging  Woman,  Otter,  and 
Pumpkin  creeks)  are  based  on  this  common  period. 

For  Hanging  Woman,  Otter,  and  Pumpkin  creeks,  the  Board  granted 
the  "historic  minimum  monthly  flows,"  rather  than  percentile 
flows,  as  the  instream  reservation.  There  were  limited  gage 
records  available  on  these  streams  at  the  time  of  the  Board's 
order.  A  reliable  method  for  synthesizing  flows  on  these  prairie 
streams  was  not  available  prior  to  establishment  of  gages  on  each 
stream.  Therefore,  the  historic  record  was  limited  to  the  period 
the  gages  were  operated.  More  than  10  years'  record  is  currently 
available  on  each  stream,  and  these  records  were  used  to  quantify 
the  historic  minimum  monthly  flows.  These  records  include  the 
drought  years  of  1977  and  1984. 

The  six  flow  quantifications  listed  on  pages  3  and  4  of  the  fifth 
annual  report  were  recalculated  by  the  USGS  to  encompass  the 
1934-82  base  flow  period,  and  were  presented  in  Table  1  of  the 
seventh  annual  report.   These  six  sites  are: 

1.  Bluewater  Creek  (Mouth-Headwaters)  #6-2078 

2.  Brackett  Creek  (Mouth-Sheep  Creek)  #6-1940 

3.  Rock  Creek  (Mouth-Custer  National  Forest)  #6-2095 

4.  Sweet  Grass   Creek  (Mouth-Forest   Service  boundary)  #6- 
2005 

5.  Clarks  Fork  Yellowstone  River  #6-2075  (near  Belfry) 

6.  Clarks  Fork  Yellowstone  River  #6-2085  (at  Edgar) 

The  final  results  of  all  flow  quantifications  completed  to  date 
(including  all  Phase  1  and  phase   2   streams)   are   presented  in 


Table  2.  The  streams  are  presented  in  the  same  order  as  found  in 
the  original  reservation  application,  i.e.,  Upper  Yellowstone, 
Middle  Yellowstone,  and  Lower  Yellowstone  River  basins. 

Most  of  the  final  quantifications  are  found  in  Tables  7  and  8  on 
page  17  of  the  USGS  final  report  (Appendix  A) .  The  USGS  site 
numbers  in  the  heading  for  each  stream  correspond  to  those  in 
Tables  7  and  8.  This  allows  locations  where  flows  were 
quantified  to  be  identified  with  the  stream  reach  where  flows 
were  requested.  Monthly  and  total  volumes  in  acre-feet  were 
calculated  from  the  quantified  percentile  flows  (cfs).  Table  7 
lists  quantified  flows  for  streams  in  Phase  1,  and  Table  8  lists 
quantified  flows  for  streams  in  Phase  2  of  the  MDFWP/USGS 
agreement . 

Flows  for  streams  not  shown  in  Tables  7  or  8  were  determined  from 
existing  information  independently  of  the  Phase  1  and  2 
agreements . 

Remaining  Quantifications 

The  quantification  of  the  granted  percentile  flows  is  being 
completed  by  the  Helena  office  of  the  USGS  through  an  extension 
of  a  cost-share,  cooperative  agreement  with  the  MDFWP.  The 
agreement  specifies  that  the  necessary  field  measurements  will  be 
completed  by  the  USGS  in  two  years  and  all  data  analyses  and 
quantifications  completed  by  the  end  of  the  third  year. 

The  quantification  of  the  granted  instream  flows  was  originally 
scheduled  to  be  completed  for  all  Yellowstone  tributaries  in 
1985.  However,  unforseen  budget  constraints  of  the  MDFWP 
prevented  the  USGS  from  completing  all  scheduled  tasks  during  the 
allotted  contract  period.  The  MDFWP  renegotiated  its  contract 
with  the  USGS  and  rescheduled  the  remaining  tasks. 

The  application  of  the  Riggs '  Method  requires  that  monthly  flow 
measurements  be  taken  for  one  year  on  the  streams  to  be  analyzed. 
Instantaneous  flow  measurements  that  were  collected  by  the  USGS 
and  the  MDFWP  in  conjunction  with  other  studies  are  sufficient 
for  use  in  the  Riggs'  Method  for  defining  the  granted  percentile 
flows  for  many  of  the  stream  reaches  having  an  instream 
reservation.  Short-term  USGS  gage  records  for  many  sites  are 
also  suitable  for  use  in  the  Riggs'  Method. 

The  quantification  of  the  granted  percentile  flows  for  the 
Yellowstone  spring  creeks  and  tributaries  to  the  Stillwater  and 
Clarks  Fork  rivers  will  be  completed  by  the  USGS  during  phase  3 
of  the  agreement.  Collection  of  all  the  needed  flow  data  for 
phase  3  streams  has  been  completed.  The  final  task  is  to  analyze 
these  data  and  quantify  the  granted  percentile  flows.  These 
quantifications  will  be  presented  in  a  phase  3  report  which  is 
scheduled  for  completion  by  USGS  in  early  1987  (see  Appendix  B) . 
The  four  spring  creeks  and  Clear  creek  will  require  special 
treatment  due  to  the  unusual  nature  of  their  flows. 


Streams   remain . ng   to   have   their   granted   percentile   flows 
quantified  are  shown  in  Table  3. 


Table  1 .   Summary   of   streams   where 
required  on  June  5,  1981. 


flow   quantifications  were 


Basin /Sub- basin 

LOWER  YELLOWSTONE  RIVER 
(Bighorn   River    to   North 
Dakota  State  line) 
Tongue  River 

MIDDLE  YELLOWSTONE  RIVER 
(Boulder   River   to   Bighorn 
River) 

Clarks  Fork  River 


Stream 

Hanging  Woman  Creek 
Otter  Creek 
Pumpkin  Creek 
Rosebud  Creek 


Clarks  Fork  River 
Butcher  Creek 
Willow  Creek 
Red  Lodge  Creek 
Clear  Creek 
Dry  Creek 
Rock  Creek 
Sage  Creek 
Bluewater  Creek 


Stillwater  River 


Castle  Creek 
Picket  Pin  Creek 
W.F.  Stillwater  River 
Little  Rocky  Creek 
W.  Fishtail  Creek 
E.  Fishtail  Creek 
Fishtail  Creek 
E .  Rosebud  Creek 
W.  Rosebud  Creek 


UPPER  YELLOWSTONE  RIVER 
(Gardiner  to  Boulder  River) 

Below  Shields  River 


Bridger  Creek 
Lower  Deer  Creek 
Upper  Deer  Creek 
Sweet  Grass  Creek 
Mission  Creek 
Little  Mission  Creek 


Shields  River 


Smith  Creek 
Flathead  Creek 
Rock  Creek 
Brackett  Creek 
Shields  River  @  mouth 
Cottonwood  Creek 
N.F.  Brackett  Creek 
M.F.  Brackett  Creek 
S.F.  Brackett  Creek 


Basin/Sub- basin 

Above  Shields  River 


Stream 


Bear  Creek 

Cinnabar  Creek 

Mol  Heron  Creek 

Cedar  Creek 

Tom  Miner  Creek 

Rock  Creek 

Big  Creek 

Six  Mile  Creek 

Fridley  Creek 

Eight  Mile  Creek 

Mill  Creek 

Trail  Creek 

Suce  Creek 

Coke  (Miner)  Creek 

Billman  Creek 

Fleshman  Creek 

Armstrong  Spring  Creek 

Nelson  Spring  Creek 

McDonald  Spring  Creek 

Emigrant  Spring  Creek 


Table  2 

Final  Instream  Flow  Quantifications 

Quantifications  of  granted  percentile  flows  in  cubic  feet  per 
second  and  acre-feet  per  month.  All  quantifications  are  adjusted 
to  a  common  1934-82  base  period  except  for  Hanging  Woman,  Otter, 
and  Pumpkin  creeks  in  the  Lower  Yellowstone  Basin. 


UPPER  YELLOWSTONE  BASIN 
(Gardiner  to  Mouth  of  Boulder  River) 


Table  2   (continued) 


BEAR  CREEK 
Mouth  to  North  Fork  (USGS  Site  No.  2) 

50th  Percentile  May-Sep. 
20th  Percentile  Oct. -Apr, 


Jan. 

Feb. 

Mar. 

Apr . 

May 

Jun. 

Jul. 

Aug. 

Sep. 

Oct. 

Nov. 

Dec  . 


Cfs 

Ml 

10.1 

621 

9.58 

532 

10.8 

664 

32.2 

1,916 

90.8 

5,583 

322.0 

19,160 

135.0 

8,301 

46.7 

2,871 

38.8 

2,309 

18.1 

1,113 

16.5 

982 

12.4 

762 

44,814  AF/year 


BEAR  CREEK 
North  Fork  to  Fish  Lake  (USGS  Site  No.  1) 

50th  Percentile  May-Sep. 


Jan . 
Feb. 
Mar. 
Apr. 
May 
Jun . 
Jul  . 
Aug. 
Sep. 
Oct. 
Nov . 
Dec  . 


Cfs 

AF 

5.68 

349 

5.35 

297 

6.15 

378 

19.9 

1,184 

56.2 

3,456 

186.0 

11,068 

71.9 

4,421 

24.3 

1,494 

21.1 

1,255 

10.3 

633 

9.48 

564 

7.11 

437 

25,536  AF/year 


Table  2  (continued) 


BIG  CREEK 
Mouth  to  Millfork  Creek  (Gage  No.  06191800) 

50th  Percentile  May-Sep. 


Jan, 

Feb, 

Mar. 

Apr. 

May 

Jun . 

Jul. 

Aug. 

Sep. 

Oct. 

Nov . 

Dec . 


Cfs 

AE 

25.0 

1,537 

23.0 

1,277 

26.0 

1,599 

57.0 

3,392 

117.0 

7,194 

240.0 

14,281 

97.0 

5,964 

35.0 

2,152 

33.0 

1,964 

36.0 

2,214 

34.0 

2,023 

29.0 

1,783 

45,380  AF/year 


BILLMAN  CREEK 
Mouth  to  Coke  (Miner)  Creek  (USGS  Site  No.  20) 

50th  Percentile  May-Sep. 


Jan. 

Feb. 

Mar. 

Apr. 

May 

Jun . 

Jul. 

Aug . 

Sep. 

Oct. 

Nov. 

Dec. 


Cfa 

AZ 

9.66 

594 

9.18 

510 

10.4 

640 

31.0 

1,845 

87.7 

5,393 

27.8 

1,654 

8.11 

499 

2.53 

156 

2.58 

154 

17.4 

1,070 

15.8 

940 

11.9 

732 

14,187  AF/year 

Table  2  (continued) 


BILLMAN  CREEK 
Coke  (Miner)  Creek  to  Fork  South  of  NE  Corner  Sec.  20 

(USGS  Site  No.  18) 

50th  Percentile  May-Sep. 
20th  Percentile  Oct. -Apr. 

CIS.  AZ 

Jan.  5.25  323 

Feb.  4.94  274 

Mar.  5.70  350 

Apr.  18.6  1,107 

May  52.6  3,234 

Jun  21.6  1,285 

Jul.  6.10  375 

Aug.  1.88  116 

Sep.  1.96  117 

Oct.  9.50  584 

Nov.  8.78  522 

Dec.  6.59  4  05 

8,692  AF/year 
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Table  2  (continued) 


BRACKETT  CREEK 
Mouth  to  Sheep  Creek  (USGS  Gage  No.  06194000) 

50th  Percentile  Jan. -Dec. 


Cfs 


A£ 


Jan. 

Feb. 

Mar. 

Apr. 

May 

Jun . 

Jul. 

Aug. 

Sep. 

Oct. 

Nov. 

Dec  . 


1 


7.0 
7.0 
9.0 
42.0 
93.0 
79.0 
27.0 
10.0 
11.0 


11 
9 

7 


0 
0 
0 


430 

389 

553 
2,499 
5,718 
4,701 
1,660 

615 

654 

676 

536 
42G 

18,861  AF/year 


Derived  from  the  actual  gage  records  of  the  Brackett  Creek  gage 
(#06194000).  These  cfs  figures  differ  from  those  in  Table  8  of 
the  USGS  report,  which  are  estimates  based  on  the  Riggs '  Method. 
(See  Appendix  A,  pages  16-19) 
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Table  2  (continued) 


BRACKETT  CREEK 
Sheep  Creek  to  Skunk  Creek  (USGS  Site  No.  32) 

50th  Percentile  Jan .-Dec. 

Cfs  AE 

Jan.                         5.77  355 

Feb.                        5.77  320 

Mar.                         7.55  464 

Apr.  40.4  2,404 

May  89.6  5,509 

Jun.  75.6  4,498 

Jul.  29.6  1,820 

Aug.  11.1  682 

Sep.  11.9  708 

Oct.                        9.08  558 

Nov.                         7.31  435 

Dec.                        5.79  356 

18,109  AF/year 

These  cfs  figures  differ  from  those  in  Table  8  of  the  USGS 
report,  which  are  estimates  based  on  the  Riggs '  Method.  Those 
estimates  were  adjusted  to  account  for  the  difference  between  the 
estimates  derived  from  regression  equations  using  the  Riggs ' 
Method,  and  the  values  determined  from  the  gage  record  (No. 
06194000).   See  explanation  in  Appendix  A,  Pages  16-19. 


12 


Table  2  (continued) 


BRACKETT  CREEK 
Skunk  Creek  to  Confluence  of  North,  Middle  and  South  Forks 

(USGS  Site  No.  31) 

2 

5Qth  Percentile  Jan, -Pec, 


Cfs 


af 


Jan.  3.20  197 

Feb.  3.20  178 

Mar.  4.26  262 

Apr.  29.2  1,738 

May  63.2  3,886 

Jun.  49.0  2,916 

Jul.  21.3  1,310 

Aug.  7.98  491 

Sep.  8.79  523 

Oct.  5.01  308 

Nov.  4.00  238 

Dec.  3.17  195 

12,242  AF/year 

in   reservation   application   (page  32),  and  Order  of  the 

as   "Brackett   Creek-Skunk  Creek   to   one   mile   up  North, 


Shown 
Board 
Middle 


and  South  Forks 


These  cfs  figures  differ  from  those  shown  in  Table  8  of  the  USGS 
report,  which  are  estimates  based  on  the  Riggs '  Method.  Those 
estimates  were  adjusted  to  account  for  the  difference  between  the 
estimates  derived  from  regression  equations  using  the  Riggs' 
Method,  and  the  values  determined  from  the  gage  record  (No. 
06194000).   See  explanation  in  Appendix  A,  Pages  16-19. 
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Table  2  (continued) 


CEDAR  CREEK 
Mouth  to  Second  Fork  (USGS  Site  No.  7) 

50th  Percentile  May-Sep. 


Jan. 

Feb. 

Mar. 

Apr. 

May 

Jun. 

Jul. 

Aug. 

Sep. 

Oct. 

Nov. 

Dec . 


Cfs 

hE 

3.02 

186 

2.81 

156 

3.30 

203 

11.7 

696 

33.0 

2,029 

28.7 

1,708 

8.43 

518 

2.63 

162 

2.68 

159 

5.48 

337 

5.15 

306 

3.84 

236 

6,696  AF/year 


CINNABAR  CREEK 
Moutli  to  Cottonwood  Creek  (USGS  Site  No.  5) 


50th  Percentile  May-Sep. 


Jan . 

Feb. 

Mar. 

Apr. 

May 

Jun . 

Jul. 

Aug. 

Sep. 

Oct. 

Nov . 

Dec. 


Cfs 

AE 

4.29 

264 

4.21 

234 

4.88 

300 

16.3 

970 

46.1 

2,835 

38.8 

2,309 

11.9 

732 

3.76 

231 

3.73 

222 

8.13 

500 

7.54 

449 

5.65 

347 

9,393  AF/year 
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Table  2  (continued) 


CINNABAR  CREEK 
Cottonwood  Creek  to  FS  Boundary  in  T8S,  R7E  and  Sec.  32 

(USGS  Site  No.  4) 


50th  Percentile  May-Sep, 
20th  Percentile  Oct. -Apr. 


Jan. 

Feb. 

Mar. 

Apr , 

May 

Jun. 

Jul. 

Aug. 

Sep. 

Oct. 

Nov. 

Dec . 


Cfs 

aj: 

3.35 

206 

3.13 

174 

3.67 

226 

12.8 

761 

36.1 

2,220 

35.7 

2,124 

10.8 

664 

3.41 

210 

3.41 

203 

6.09 

374 

5.70 

339 

4.26 

262 

7,763  AF/year 


COKE  (MINER)  CREEK 
Mouth  to  Miner  (Eldridge)  Creek  (USGS  Site  No.  19) 

50th  Percentile  May-Sep. 
20th  Percentile  Oct. -Apr. 


Jan , 

Feb. 

Mar. 

Apr. 

May 

Jun. 

Jul  . 

Aug. 

Sep. 

Oct. 

Nov. 

Dec . 


Cfs 

AF 

4.02 

247 

3.77 

209 

4.38 

269 

14.9 

887 

42.0 

2,582 

13.2 

785 

3.46 

213 

1.05 

65 

1.14 

68 

7.30 

449 

6.79 

404 

5.08 

312 

6,490  AF/year 
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Table  2  (continued) 


COTTONWOOD  CREEK 
Mouth  to  Little  Cottonwood  Creek  (USGS  Site  No.  27) 

50th  Percentile  Jan. -Dec. 


Jan . 

Feb. 

Mar. 

Apr. 

May 

Jun. 

Jul. 

Aug . 

Sep. 

Oct. 

Nov. 

Dec . 


Cfs 

AE 

7.98 

491 

7.98 

443 

8.34 

513 

20.9 

1,244 

79.8 

4,907 

105.0 

6,248 

33.3 

2,048 

11.0 

676 

10.1 

601 

13.8 

848 

11.9 

708 

9.43 

580 

19,307  AF/year 


COTTONWOOD  CREEK 
Little  Cottonwood  Creek  to  Trespass  Creek  (USGS  Site  No.  26) 

5Qth  Percentile  Jan, -Pec, 


Jan . 
Feb. 
Mar. 
Apr . 
May 
Jun . 
Jul. 
Aug . 
Sep. 
Oct. 
Nov . 
Dec  . 


Cfs 

AE 

5.44 

334 

5.44 

302 

5.69 

350 

15.1 

898 

74.8 

4,599 

105.0 

6,248 

41.4 

2,546 

13.7 

842 

12.4 

738 

9.40 

578 

8.18 

487 

6.43 

395 

18,317  AF/year 
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Table  2  (continued) 


EIGHTMILE  CREEK 
Mouth  to  Big  Draw  (USGS  Site  No.  14) 

50th  Percentile  May-Sep. 
20th  Percentile  Oct. -Apr. 

Cfs  hE 

Jan.                        10.5  646 

Feb.                         9.99  555 

Mar.                        11.2  689 

Apr.                        33.3  1,981 

May                         93.9  5,774 

Jun.                        63.2  3,761 

Jul.                         20.8  1,279 

Aug.                          6.72  413 

Sep.                         6.40  381 

Oct.                        18.9  1,162 

Nov.                         17.1  1,017 

Dec.                         12.9  793 


Jan . 

Feb. 

Mar. 

Apr. 

May 

Jun . 

Jul. 

Aug. 

Sep. 

Oct. 

Nov. 

Dec . 


18,451  AF/year 


FLATHEAD  CREEK 
Mouth  to  Muddy  Creek  (USGS  Site  No.  25) 


50th  Percentile  Jan. -Dec. 


Cfs 

AF 

18.8 

1,156 

18.8 

1,044 

22.4 

1,377 

33.6 

1,999 

123.0 

7,563 

119.0 

7,081 

25.7 

1,580 

9.71 

597 

8.51 

506 

30.6 

1,882 

26.7 

1,589 

22.4 

1,377 

27,751  AF/year 
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Table  2  (continued). 


FLATHEAD  CREEK 

Muddy  Creek  to  Cache  Creek  (USGS  Site  No.  24) 

50th  Percentile  Jan. -Dec. 

CfS  AE 

Jan.                          13.4  824 

Feb.                          13.4  744 

Mar.                         16.1  990 

Apr.                        31.1  1,851 

May                         112.0  6,887 

Jun.                         107.0  6,367 

Jul.                          35.2  2,164 

Aug.                         13.3  818 

Sep.                          11.4  678 

Oct.                         21.7  1,334 

Nov.                          18.8  1,119 

Dec.                          15.8  972 


24,748  AF/year 


FLATHEAD  CREEK 
Cache  Creek  to  S.F.  Flathead  Creek  (USGS  Site  No.  23) 

50th  Percentile  Jan. -Dec. 

Cfs  AE 

Jan.                         4.20  258 

Feb.                         4.20  233 

Mar.                        5.24  322 

Apr.                         12.9  768 

May                         43.8  2,693 

Jun.                         33.1  1,970 

Jul.                         13.4  824 

Aug.                         5.07  312 

Sep.                        4.61  274 

Oct.                          6.74  414 

Nov.                          5.69  339 

Dec.                         4.86  299 


8,706  AF/year 
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Table  2  (continued) 


FLESHMAN  CREEK 
Mouth  to  Perkins  Creek  (USGS  Site  No.  21) 


Jan. 

Feb. 

Mar. 

Apr. 

May 

Jun. 

Jul. 

Aug. 

Sep. 

Oct. 

Nov. 

Dec  . 


50th  Percentile 

May-Sep. 

20th  Percentile 

Oct .-Apr. 

Cfs 

AF 

2.72 

167 

2.53 

140 

2.99 

184 

10.7 

637 

30.3 

1 

,863 

6.57 

391 

1.55 

95 

0.46 

28 

0.52 

31 

4.95 

304 

4.66 

277 

3.48 

214 

4,331  AF/year 


FRIDLEY  CREEK 
Mouth  to  Miller  Creek  (USGS  Site  No.  13) 

50th  Percentile  May-Sep. 
20th  Percentile  Oct. -Apr. 

CIS  AE 

Jan.  1.58  97 

Feb.  1.46  81 

Mar.  1.76  108 

Apr.  6.81  405 

May  19.2  1,181 

Jun.  29.7  1,767 

Jul.  8.76  539 

Aug.  2.74  168 

Sep.  2.78  165 

Oct.  2.90  178 

Nov.  2.77  165 

Dec.  2.05           I2fi 


4,980  AF/year 
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Table  2  (continued) 


FRIDLEY  CREEK 
Miller  Creek  to  Needle  Creek  (USGS  Site  No.  12) 


50th  Percentile  May-Sep. 
20th  Percentile  Oct. -Apr. 


Jan, 

Feb. 

Mar. 

Apr. 

May 

Jun . 

Jul. 

Aug. 

Sep, 

Oct. 

Nov. 

Dec , 


Cfs 

AZ 

6.12 

376 

5.77 

320 

6.62 

407 

21.2 

1,261 

59.8 

3,677 

69.6 

4,141 

23.3 

1,433 

7.55 

464 

7.  13 

424 

11.1 

682 

10.2 

607 

7.64 

470 

14,262  AF/year 


LITTLE  MISSION  CREEK 
Mouth  to  Little  Mission  Forks  (USGS  Site  No.  36) 


90th  Percentile  May-Sep. 
50th  Percentile  Oct. -Apr. 


Jan, 

Feb, 

Mar, 

Apr, 

May 

Jun , 

Jul, 

Aug , 

Sep. 

Oct, 

Nov, 

Dec , 


£l£ 

A£ 

2.00 

123 

2.00 

111 

2.55 

157 

9.66 

575 

38.1 

2,343 

31.9 

1,898 

5.60 

344 

1.72 

106 

1.65 

98 

3.19 

196 

2.65 

158 

2.28 

140 

6,249  AF/year 
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Table  2  (continued). 


MIDDLE  FORK  BRACKETT  CREEK 
Mouth  to  One  Mile  Upstream   (USGS  Site  No.  29) 

50th  Percentile  Jan. -Dec. 

Cfs  £F 

Jan.                         1.28  79 

Feb.                          1.28  71 

Mar.                         1.66  102 

Apr.  10.5  625 

May  35.3  2,170 

Jun.  25.3  1,505 

Jul.  4.61  283 

Aug.                          1.74  107 

Sep.                         1.69  101 

Oct.                         2.04  125 

Nov.                         1.68  100 

Dec.  1.45  8_9_ 

5,357  AF/year 

Shown  in  reservation  application  (page  32),  and  Order  of  the 
Board  as  "Brackett  Creek-Skunk  Creek  to  one  mile  up  North, 
Middle,  and  South  forks." 
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Table  2  (continued) . 


Cfs 

AE 

33.0 

2,029 

34.0 

1,888 

33.0 

2,029 

80.0 

4,760 

388.0 

23,857 

757.0, 

323. 07 

115. Of 

89. 71 

45,045 

19,860 

7,071 

5,338 

51.0 

3,136 

58.0 

3,451 

47.0 

2,890 

MILL  CREEK 
Mouth  to  East  Fork  (USGS  Gage  No.  06192000) 

50th  Percentile  May-Sep. 
20th  Percentile  Oct, -Apr. 


Jan. 

Feb. 

Mar. 

Apr. 

May 

Jun. 

Jul. 

Aug . 

Sep. 

Oct. 

Nov . 

Dec  . 

121,354  AF/year 

Values  for  these  three  months   are  estimates  derived   for  USGS 
Site  No.  15  using  the  Riggs '  Method. 

MISSION  CREEK 
Mouth  to  Little  Bear  Draw  (USGS  Site  No.  37) 

90th  Percentile  May-Sep. 
50th  Percentile  Oct. -Apr 


Jan, 

Feb. 

Mar. 

Apr. 

May 

Jun, 

Jul. 

Aug. 

Sep. 

Oct. 

Nov. 

Dec . 


Cfs 

AE 

6.79 

418 

6.79 

377 

8.36 

514 

24.6 

1,464 

122.0 

7,502 

94.6 

5,629 

27.4 

1,685 

9.68 

595 

8.05 

479 

11.0 

676 

9.35 

556 

7.93 

488 

20,383  AF/year 
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Table  2  (continued) 


MOL  HERON  CREEK 
Mouth  to  Cinnabar  Creek  ( USGS  Site  No.  6) 

50th  Percentile  May-Sep. 


Jan . 

Feb. 

Mar. 

Apr. 

May 

Jun . 

Jul. 

Aug. 

Sep. 

Oct. 

Nov. 

Dec  . 


Cfs 

AF 

9.93 

611 

9.45 

525 

10.6 

652 

31.8 

1,892 

89.7 

5,515 

125.0 

7,438 

45.6 

2,804 

15.1 

928 

13.6 

809 

17.9 

1,101 

16.2 

964 

12.3 

756 

23,995  AF/year 


MOL  HERON  CREEK 
Cinnabar  Creek  to  Yellowstone  Park  Boundary  (USGS  Site  No.  3) 

50th  Percentile  May-Sep. 
20th  Percentile  Oct. -Apr. 

CfS  AF 

Jan.                         6.91  425 

Feb.                         6.53  363 

Mar.                         7.46  459 

Apr.                        23.4  1,392 

May                         66.2  4,070 

Jun.                         92.7  5,516 

Jul.                         32.4  1,992 

Aug.                        10.6  652 

Sep.                         9.78  582 

Oct.                        12.5  769 

Nov.                        11.4  678 

Dec.                         8.60  529 


17,427  AF/year 
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Table  2  (continued). 


NORTH  FORK  BRACKETT  CREEK 
Mouth  to  One  Mile  Upstream   (USGS  Site  No.  28) 


50th  Percentile  Jan. -Dec. 


Jan. 

Feb. 

Mar. 

Apr. 

May 

Jun . 

Jul. 

Aug. 

Sep. 

Oct. 

Nov. 

Dec  . 


1 


Cfs 

AE 

2.08 

128 

2.08 

116 

2.66 

164 

11.9 

708 

40.4 

2 

,484 

29.9 

1 

,779 

11.3 

695 

4.26 

262 

3.92 

233 

3.32 

204 

2.77 

165 

2.38 

7 

146 
,084  AF/year 

n  application 

(page 

32) 

/ 

and  Order 

of  the 
Board  as  "Brackett  Creek-Skunk  Creek  to  one  mile  up  North, 
Middle,  and  South  forks." 
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Table  2  (continued) 


ROCK  CREEK  (SHIELDS  DRAINAGE) 
Mouth  to  Forest  Service  West  Boundary  Sec.  8  (USGS  Site  No.  34) 


50th  Percentile  Jan. -Dec. 


Jan. 

Feb. 

Mar. 

Apr. 

May 

Jun . 

Jul. 

Aug. 

Sep. 

Oct. 

Nov.  8.66  515 

Dec.  6.81  413 


CfS 

AF 

5.77 

355 

5.77 

320 

6.03 

371 

15.9 

946 

68.0 

4,181 

132.0 

7,854 

48.6 

2,988 

16.2 

996 

14.5 

863 

9.96 

612 

8.66 

515 

6.81 

419 

20,420  AF/year 


ROCK  CREEK  (YELLOWSTONE  DRAINAGE) 
Mouth  to  Steele  Creek  (USGS  Site  No.  10) 

50th  Percentile  May-Sep. 


Jan. 

Feb. 

Mar. 

Apr. 

May 

Jun. 

Jul. 

Aug. 

Sep. 

Oct. 

Nov. 

Dec . 


QlS. 

AE 

4.36 

268 

4.09 

227 

4.74 

291 

15.9 

946 

45.0 

2,767 

109.0 

6,486 

39.1 

2,404 

12.9 

793 

11.8 

702 

7.90 

486 

7.34 

437 

5.50 

338 

16,145  AF/year 
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Table  2  (continued) 


SIXMILE  CREEK 
Mouth  to  North  Fork  (USGS  Site  No.  11) 

50th  Percentile  May-Sep. 
20th  Percentile  Oct. -Apr. 


Jan . 

Feb. 

Mar. 

Apr. 

May 

Jun . 

Jul. 

Aug. 

Sep. 

Oct. 

Nov. 

Dec . 


Cfs 

AE 

6.60 

406 

6.23 

346 

7.13 

438 

22.6 

1,345 

63.7 

3,917 

157.0 

9,342 

59.1 

3,634 

19.8 

1,217 

17.5 

1,041 

11.9 

732 

10.9 

649 

8.23 

506 

23,573  AF/year 


SMITH  CREEK 
Mouth  to  Bitter  Creek  (USGS  Site  No.  22) 

50th  Percentile  Jan. -Dec. 


Jan. 

Feb. 

Mar. 

Apr. 

May 

Jun. 

Jul. 

Aug . 

Sep. 

Oct. 

Nov. 

Dec  . 


Cfs 

AE 

2.61 

160 

2.61 

145 

3.31 

204 

23.9 

1,422 

85.1 

5,233 

75.5 

4,493 

13.6 

836 

5.14 

316 

4.67 

278 

4.17 

256 

3.49 

208 

2.99 

184 

13,735  AF/year 
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Table  2  (continued; 


SOUTH  FORK  BRACKETT  CREEK 
Mouth  to  One  Mile  Upstream   ( USGS  Site  No.  30) 


50th  Percentile  Jan. -Dec. 


Jan . 

Feb. 

Mar. 

Apr. 

May 

Jun.  18.5  1,101 

Ju. 

Aug. 

Sep. 

Oct. 

Nov. 

Dec . 


Shown  in  reservation 
Board   as   "Brackett 
Middle,  and  South  forks 


Cfs 

AE 

0.97 

60 

0.97 

54 

1.27 

78 

8.29 

493 

27.4 

1 

,685 

18.5 

1 

,101 

5.68 

349 

2.15 

132 

2.05 

122 

1.54 

95 

1.26 

75 

1.09 

67 

4 

,311  AF/year 

n  application 

(page 

32), 

and  Order  of  the 

Creek-Skunk 

Creek 

to 

one   mile  up  North, 
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Table  2  (continued) 


SUCE  CREEK 
Mouth  to  Lost  Creek  (USGS  Site  No.  17) 

50th  Percentile  May-Sep. 


Jan , 

Feb. 

Mar. 

Apr. 

May 

Jun . 

Jul. 

Aug. 

Sep. 

Oct, 

Nov . 

Dec . 


Cfs 

AE 

0.83 

51 

0.76 

42 

0.93 

57 

3.96 

236 

11.2 

689 

34.5 

2,053 

10.4 

639 

3.27 

201 

3.28 

195 

1.53 

94 

1.48 

88 

1.09 

67 

4,412  AF/year 


TOM  MINER  CREEK 
Mouth  to  Canyon  Creek  (USGS  Site  No.  9) 

50th  Percentile  May-Sep. 


Jan, 
Feb. 
Mar, 
Apr , 
May 
Jun , 
Jul. 
Aug, 
Sep. 
Oct, 
Nov . 
Dec  , 


Cfs 

AJE 

20.7 

1,273 

19.9 

1,105 

21.9 

1,347 

58.8 

3,499 

166.0 

10,207 

188.0 

11,187 

72.7 

4,470 

24.6 

1,513 

21.3 

1,267 

37.0 

2,275 

33.0 

1,964 

25.0 

1.537 

41,644  AF/year 
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Table  2  (continued) 


TOM  MINER  CREEK 
Canyon  Creek  to  Trail  Creek  (USGS  Site  No.  8) 

50th  Percentile  May-Sep. 
20th  Percentile  Oct. -Apr 


Jan. 

Feb. 

Mar. 

Apr. 

May  175.0  10,760 

Jun. 

Jul.  3.2 

Aug . 

Sep. 

Oct. 

Nov. 

Dec  . 


Cfs 

AE 

22.0 

1,353 

21.3 

1,183 

23.3 

1,433 

62.0 

3,689 

175.0 

10,760 

211.0 

12,555 

83.2 

5,116 

28.3 

1,740 

24.3 

1,446 

39.4 

2,423 

35.0 

2,083 

26.6 

lf636 

45,417  AF/year 


TRAIL  CREEK 
West  Pine  Creek  to  South  Boundary  Sec.  35 
(USGS  Site  No.  16) 


50th  Percentile  May-Sep. 
20th  Percentile  Oct. -Apr. 


Jan. 

Feb. 

Mar. 

Apr . 

May 

Jun . 

Jul. 

Aug. 

Sep. 

Oct. 

Nov. 

Dec  . 


Cfs 

AZ 

7.93 

488 

7.52 

418 

8.54 

525 

26.3 

1,565 

74.3 

4,568 

59.0 

3,511 

19.3 

1,187 

6.20 

381 

5.93 

353 

14.3 

879 

13.1 

780 

9.84 

605 

15,260  AF/year 
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Table  2  (continued) . 

MIDDLE  YELLOWSTONE  BASIN 
(Boulder  River  to  Big  Horn  River) 
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Table  2  (continued) 


BLUEWATER  CREEK 
Mouth  to  Headwaters 
(USGS  Gage  No.  06207800) 

85th  Percentile  Jan. -Dec. 

Cfs  AZ 

Jan.  26.5  1,629 

Feb.  27.5  1,527 

Mar.  27.0  1,660 

Apr.  2  8.0  1,666 

May  27.0  1,660 

Jun.  25.5  1,517 

Jul.  24.0  1,476 

Aug.  25.0  1,537 

Sep.  26.0  1,547 

Oct.  27.0  1,660 

Nov.  27.0  1,607 

Dec.  27.0  1 , 6  6  0 


19,146  AF/year 


BRIDGER  CREEK 

Headwaters  to  Krone  Ditch  Headgate  (USGS  Site  No.  40) 

90th  Percentile  Jan. -Dec. 

CfS  AE 

Jan.                          1.48  91 

Feb.                          1.48  82 

Mar.                         1.52  94 

Apr.                         4.77  284 

May                        25.3  1,556 

Jun.                        43.7  2,600 

Jul.                          3.44  212 

Aug.                          1.01  62 

Sep.                         1.01  60 

Oct.                         1.98  122 

Nov.                         2.46  146 

Dec.                          1.75  108 


5,417  AF/year 
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Table  2  (continued) 


CLARKS  FORK  YELLOWSTONE  RIVER1 

90th  Percentile  Oct. -May 
70th  Percentile  June-Sep. 

£fs  AF 

Jan.  300.0  18,446 

Feb.  299.0  16,606 

Mar.  308.0  18,938 

Apr.  357.0  21,243 

May  1,051.0  64,623 

Jun.  3,569.0  212,370 

Jul.  1,537.0  94,506 

Aug.  399.0  24,534 

Sep.  393.0  23,385 

Oct.  332.0  20,414 

Nov.  401.0  23,861 

Dec.  330.0  20.291 

559,217  AF/year 

1Measured  at  USGS  gage  No.  06208500  "Clarks  Fork  River  at  Edgar." 

CLARKS  FORK  YELLOWSTONE  RIVER1 

90th  Percentile  Oct. -May 
70th  Percentile  June-Sep. 


Cfs 

AF 

186.0 

11,437 

194.0 

10,774 

189.0 

11,621 

250.0 

14,876 

1,062.0 

65,300 

3,477.0 

206,896 

1,640.0 

100,840 

423.0 

26,009 

240.0 

14,281 

117.0 

7,194 

200.0 

11,901 

229.0 

14,081 

Jan . 
Feb. 
Mar. 
Apr. 
May 
Jun . 
Jul. 
Aug . 
Sep. 
Oct. 
Nov . 
Dec  . 

495,210  AF/year 

Measured   at   USGS   gage   No.   06207500   "Clarks  Fork  River  near 
Belfry. " 
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Table  2  (continued). 


LOWER  DEER  CREEK 
Headwaters  to  1-90  (USGS  Site  No.  39) 

90th  Percentile  Jan. -Dec. 


Jan . 

Feb.  3.09  172 

Mar. 

Apr. 

May 

Jun. 


Cfs 

A£ 

3.09 

190 

3.09 

172 

3.12 

192 

10.4 

619 

51.9 

3,191 

101.0 

6,010 

13.7 

842 

4.55 

280 

4.03 

240 

4.28 

263 

4.90 

292 

3.61 

222 

Jul.  13.7  842 

Aug. 

Sep. 

Oct. 

Nov. 

Dec  . 

12,513  AF/year 


ROCK  CREEK  ( CLARKS  FORK  DRAINAGE) 
Mouth  to  Custer  National  Forest 
(USGS  Gage  No.  06209500) 


85th  Percentile  Jan. -Dec. 

Cfs  A£ 

Jan.                         29.0  1,783 

Feb.                         27.0  1,500 

Mar.                         25.5  1,568 

Apr.                         30.0  1,785 

May                        113.0  6,948 

Jun.                        418.5  24,902 

Jul.                        326.5  20,076 

Aug.                         205.5  12,636 

Sep.                        108.5  6,456 

Oct.                         66.0  4,058 

Nov .                          4  5.0  2,678 

Dec.                          34.5  2,121 

86,511  AF/year 
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Table  2  (continued) 


SWEET  GRASS  CREEK 

Mouth  to  Forest  Service  Boundary  (Gage  No.  06200500) 

90th  Percentile  Jan. -Dec. 

£f_s_  AE 

Jan.                         8.0  492 

Feb.                          8.0  444 

Mar.                          8.0  492 

Apr.                          10.0  595 

May                          84.0  5,165 

Jun.                       252.0  14,995 

Jul.                         112.0  6,887 

Aug.                        41.0  2,521 

Sep.                        26.0  1,547 

Oct.                        20.0  1,230 

Nov.                        16.0  952 

Dec.                         10.0  615 


35,935  AF/year 


UPPER  DEER  CREEK 
Headwaters  to  a  Point  Upstream  from  1-90  Bridge  (USGS  Site  No.  38) 


90th  Percentile  Jan. -Dec. 


Jan. 

Feb. 

Mar. 

Apr. 

May 

Jun . 

Jul. 

Aug. 

Sep. 

Oct. 

Nov. 

Dec . 


c_fs 

AZ 

3.06 

188 

3.06 

170 

3.08 

189 

13.3 

791 

64.6 

3,972 

130.0 

7,736 

7.17 

441 

2.25 

138 

2.11 

126 

4.23 

260 

4.85 

289 

3.57 

220 

14,520  AF/year 
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Table  2  (continued) . 

LOWER  YELLOWSTONE  BASIN 
(Big  Horn  River  to  North  Dakota  State  Line) 
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Table  2  (continued). 


HANGING  WOMAN  CREEK 
East  Fork  to  Tongue  River  (Gage  No.  06307600) 

1 


Historic  Minimum  Monthly  Flows 
C_fs  AF 


Jan.  0.30 

Feb.  0.60 

Mar.  0.66 

Apr.  0.61 

May  0.52 

Jun.  0.34 

Jul.  0.01 

Aug.  0.00 

Sep.  0.00 

Oct.  0.04 

Nov.  0.18 

Dec.  0.06 


18 

4 

33 

3 

40 

6 

36 

3 

32 

0 

20 

2 

0 

6 

0 

0 

0 

.0 

2 

.5 

10 

.7 

3 

•  7 

198.3  AF/year 


1Period   of   record   September   1973  through  September  1984.   The 
1934-82  common  base  period  was  not  used  on  this  stream. 


OTTER  CREEK 
Bear  Creek  to  Tongue  River  (Gage  No.  06307740) 

Historic  Minimum  Monthly  Flows 

Cls.  AE 

Jan.  1.67  102.7 

Feb.  1.87  103.8 

Mar.  2.65  162.9 

Apr.  1.59  94.6 

May  2.61  160.5 

Jun.  2.14  127.3 

Jul.  0.28  17.2 

Aug.  0.08  4.9 

Sep.  0.13  7.7 

Oct.  0.40  24.6 

Nov.  1.63  97.0 

Dec.  2.05  126.0 

1,029.2  AF/year 

1Period  of  record  October  1972  through  September  1984.   The  1934- 
82  common  base  period  was  not  used  on  this  stream. 
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Table  2  (continued) 


PUMPKIN  CREEK 
Deer  Creek  to  Tongue  River  (Gage  No.  06308400) 

Historic  Minimum  Monthly  Flows 

Cfs  AZ 

Jan.  0.00  0.0 

Feb.  0.00  0.0 

Mar.  0.01  0.6 

Apr.  0.00  0.0 

May  0.00  0.0 

Jun.  0.00  0.0 

Jul.  0.00  0.0 

Aug.  0.00  0.0 

Sep.  0.00  0.0 

Oct.  0.00  0.0 

Nov.  0.00  0.0 

Dec.  0.00  0.0 

0.6  AF/year 

"^Period  of  record  October  1972  through  September  1984.   The  1934- 
82  common  base  period  was  not  used  on  this  stream. 


ROSEBUD  CREEK 
Cottonwood  Creek  to  Yellowstone  River  (Gage  No.  06296003) 

80th  Percentile  Jan. -Dec. 

CIS  AE 

Jan.  7.0  430 

Feb.  18.0  1,000 

Mar.  22.0  1,353 

Apr.  36.0  2,142 

May  28.0  1,722 

Jun.  37.0  2,202 

Jul.  9.0  553 

Aug.  7.0  430 

Sep.  2.0  119 

Oct.  9.0  553 

Nov.  10.0  595 

Dec.  12.0  738 

11,837  AF/year 
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Table  3.   Remaining  quantifications 


Upper  Yellowstone  Basin 

1.  Armstrong  Spring  Creek 

Mouth  to  origin 

2 .  Nelson  Spring  Creek 

Mouth  to  origin 

3 .  McDonald  Spring  Creek 

Mouth  to  northern  boundary  Sec.  22 

4 .  Emigrant  Spring  Creek 

Mouth  to  origin 

5 .  Big  Creek 

Millfork  Creek  to  Bark  Cabin  Creek 

6 .  Cedar  Creek 

Second  Fork  to  North  Fork 

7.  Eightmile  Creek  , 

Big  Draw  to  North  Fork 

8.  Rock  Creek  (Shields  drainage) 

Forest  Service  west  boundary  Sec.  8  to  Smeller  Creek" 

9.  Shields  River  at  its  Mouth2 

10.  Trail  Creek  .. 

Mouth  to  West  Pine  Creek 


Quantification  will   most  likely  not  be  completed  on  this  stream 
reach  due  to  inaccessibility  of  the  site. 

2 
Ten  years'  gage  record  will  be  completed  at  this  site  in  1988. 

Stream  channel  is  not  readily  identifiable  in  this  reach,  and 
flows  will  likely  not  be  quantified. 
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Table  3  (continued) 


Middle  Yellowstone  Basin 

1 .  Butcher  Creek 

Headwaters  to  West  Butcher  Creek 
West  Butcher  Creek  to  Mouth 

2.  Castle  Creek 

Mouth  to  1,500  ft.  above  Picket  Pin  Creek 

3.  Clear  Creek 

Headwaters  to  mouth 

4 .  Dry  Creek 

Headwaters  to  mouth 

5.  East  Fishtail  Creek 

West  Fishtail  Creek  to  its  East  Fork. 

6  .    East  Rosebud  Creek 

Custer  National  Forest  to  West  Rosebud  Creek 

7.  Fishtail  Creek 

Confluence  of  East  and  West  Fishtail  creeks  to  mouth 

8.  Little  Rocky  Creek 

Mouth  to  crossing  of  Forest  Service  Road  No.  1414 

9.  Picket  Pin  Creek 

Mouth  to  Swamp  Creek 

10.  Red  Lodge  Creek 

Custer  National  Forest  to  Cooney  Reservoir 

11 .  Sage  Creek 

Headwaters  to  Crow  Indian  Reservation 

12.  West  Fishtail  Creek 

East  Fishtail  Creek  to  Richmond-Kennedy  Ditch 

13.  West  Fork  Stillwater  River 

Mouth  to  Castle  Creek 

Castle  Creek  to  Sweet  Grass-Stillwater  County  line 

Sweet  Grass-Stillwater  County  line  to  Tumble  Creek 

14 .  West  Rosebud  Creek 

Custer  National  Forest  Boundary  to  Fiddler  Creek 

15.  Willow  Creek 

Forest  boundary  to  Cooney  Reservoir 
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Table  3  (continued) 


Lower  Yellowstone  Basin 

All  streamflows  have  been  quantified, 
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ESTIMATED  MONTHLY  PERCENTILE  DISCHARGES  AT  UNCAGED  SITES  IN  THE 
UPPER  YELLOWSTONE  RIVER  BASIN  IN  MONTANA 

By  Charles  Parrett  and  J.  A.  Hull 


ABSTRACT 


Once-Monthly  streamflow  measurements  were  used  to  estimate  selected 
percentile  discharges  on  flow-duration  curves  of  monthly  mean  discharge 
for  40  ungaged  stream  sites  in  the  upper  Yellowstone  River  basin  in  Mon- 
tana. The  estimation  technique  was  a  modification  of  the  concurrent-dis- 
charge method  previously  described  and  used  by  H.  C.  Riggs  to  estimate 
annual  mean  discharge.  The  modified  technique  is  based  on  the  relation- 
ship of  various  mean  seasonal  discharges  to  the  required  discharges  on  the 
flow-duration  curves.  The  mean  seasonal  discharges  are  estimated  from  the 
monthlv  streamflow  measurements,  and  the  percentile  discharges  are  calcu- 
lated "from  regression  equations.  The  regression  equations,  developed  from 
streamflow  record  at  nine  gaging  stations,  indicated  a  significant  log- 
linear  relationship  between  mean  seasonal  discharge  and  various  percentile 
discharges . 

The  technique  was  tested  at  two  discontinued  streamflow-g aging  sta- 
tions- the  differences  between  estimated  monthly  discharges  and  those  de- 
termined from  the  discharge  record  ranged  from  -31  to  +  27  percent  at  one 
site  and  from  -14  to  +8  5  percent  at  the  other.  The  estimates  at  one  site 
were  unbiased,  and  the  estimates  at  the  other  site  were  consistently 
larger  than  the  recorded  values.  Based  on  the  test  results,  the  probable 
average  error  of  the  technique  was  +30  percent  for  the  21  sites  measured 
during  the  first  year  of  the  program  and  +50  percent  for  the  19  sites 
measured  during  the  second  year. 

INTRODUCTION 

In  the  early  1970 's,  Montana  citizens  became  concerned  about  the  possibility 
of  passive  water  withdrawals  for  energy  development  within  the  Yellowstone  River 
basin.  That  concern  led  to  the  Moratorium  on  Yellowstone  River  Appropriations,  an 
acl  passed  by  the  Montana  Legislature  in  1973.  The  moratorium  prohibited  large- 
scale  industrial  appropriations  until  1977  (later  extended  to  1978)  and,  at  the 
same  time,   allowed  political   subdivisions   to  reserve  water  for  future  use. 

One  of  the  water  reservations  subsequently  granted  under  provisions  of  the 
moratorium  was  an  ir^stream  reservation  for  fish  and  wildlife  purposes  to  the  Mon- 
tana Department  of  Fish,  Wildlife  and  Parks.  On  the  Yellowstone  River  mainstem, 
the  reservation  was  for  about  5.5  million  acre-feet  per  year  near  the  point  where 
the  river  leaves  the  State,  and  for  lesser  amounts  at  upstream  points.  For  many 
smaller  tributary  streams,  where  little  or  no  streamflow  data  were  available,  the 
reservation  was  for  >.  specified  monthlv  percentile  discharge  rather  than  a  specific 
discharge  or  volume.  Thus,  for  example,  Yellowstone  River  tributaries  "PStream 
from  Livingston,  Mont.,  received  a  20-percentile  discharge  reservation  for  October 
through  April  and  a  50-percentile  discharge  reservation  for  May  through  September. 


The  monthly  percentile  discharges  represent  points  on  the  flow-duration  curve 
of  mean  monthly  discharges.  The  flow-duration  curve  is  a  frequency  curve  that 
shows  the  percentage  of  time  a  particular  mean  monthly  discharge  is  exceeded. 

For  the  tributary  streams  where  monthly  percentile  discharges  were  reserved, 
the  Montana  Department  oi  Fish,  Wildlife  and  Parks  was  required  to  develop  a  plan 
for  quantifying  the  reserved  percentile  discharges  within  5  years.  The  department 
subsequently  developed  a  cooperative  study  with  the  U.S.  Geological  Survey  to  pro- 
vide estimates  of  the  required  monthly  percentile  discharges  at  selected  sites  in 
the  Yellowstone  River  basin  upstream  from  Columbus,  Mont. 

The  purposes  of  this  report  are  to  describe  the  technique  used  to  estimate  the 
monthly  percentile  discharges  and  to  evaluate  the  reliability  of  the  results.  A  2- 
year  project  was  established  to  make  miscellaneous  streamflow  measurements  at  each 
of  the  selected  sites  on  a  monthly  basis  from  November  1982  through  September  1984. 
About  one-half  of  the  sites  were  measured  during  the  first  year  of  the  project,  and 
the  rest  were  measured  during  the  second  year,  so  that  12  measurements  were  avail- 
able at  each  site.  The  method  used  to  estimate  the  percentile  discharge  was  a 
variation  of  the  concurrent-discharge  technique  used  by  Riggs  (1969)  to  estimate 
monthly  mean  and  annual  mean  discharges  at  ungaged  sites.  The  reliability  of  the 
estimation  technique  was  measured  by  comparing  estimated  monthly  percentile  dis- 
charges with  those  determined  from  discharge  records  for  two  discontinued  stream- 
flow-gaging  stations. 


DESCRIPTION  OF  THE  STUDY  AREA 

Twenty-one  sites  in  the  Yellowstone  River  basin  upstream  from  Livingston, 
Mont.,  were  selected  by  the  Montana  Department  of  Fish,  Wildlife  and  Parks  for 
measurement  during  the  first  year  of  the  investigation,  and  19  sites  between  Liv- 
ingston and  Columbus,  Mont.,  were  selected  for  the  second  year.  The  basin  study 
area  and  the  location  of  the  40  measurement  sites  are  shown  in  figure  1  and  the 
measuring  sites  are  described  in  table  11  (at  the  end  of  the  report).  Figure  1 
also  shows  the  location  of  12  streamf low-gaging  stations;  records  for  3  of  the  sta- 
tions were  used  for  correlation  with  the  measurement  sites  and  records  for  9  of  the 
stations  were  used  in  a  regression  analysis  to  develop  estimating  equations  for  the 
various  monthly  percentile  discharges. 

Twenty  of  the  2  1  sit^s  measured  the  first  year  are  on  small  streams  with  drain- 
age areas  ranging  from  9.77  to  65.8  mi^.  One  site  (site  15)  is  located  on  a  stream 
with  a  drainage  area  of  148  mi-.  All  streams  are  perennial  and  drain  mountainous 
areas  where  the  topography  is  rugged  and  the  mean  annual  precipitation  ranges  from 
about  20  to  40  in.  (U.S.  Soil  Conservation  Service,  1977).  Four  of  the  sites 
(sites  13,  19,  20,  and  21)  have  upstream  diversions  for  irrigation;  thus,  the  esti- 
mates of  monthly  percentile  discharge  for  these  sites  may  not  be  as  reliable  as 
estimates  made  for  unregulated  sites. 

Eighteen  of  the  19  sites  measured  during  the  second  year  of  the  program  are 
also  on  small  streams,  with  drainage  areas  ranging  from  3.88  to  99.8  mi^.  One  site 
(site  25)  has  a  drainage  area  of  217  mi^.  The  second-year  measurement  sites  also 
are  generally  located  in  the  mountains,  although  several  sites  are  located  in  the 
foothills  where  the  topography  is  not  as  rugged.  Mean  annual  precipitation  in  the 
areas  measured  the  second  year  ranges  from  about  16  to  40  in.,  and  the  climate  and 
streamflow  are  generally  more  diverse  than  in  the  Yellowstone  basin  upstream  from 
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EXPLANATION 

•  SITE    OF    MONTHLY    STREAMFLOW 

MEASUREMENT 

5  . 
A  U.S.  GEOLOGICAL     SURVEY    STREAMFLOW- 

GAGING    STATION    AND   ABBREVIATED    NUMBER 


Figure  1. --Location  of  streamf low-measurement  sites  and  streamf low-gaging  stations. 


Livingston.  Seven  of  the  sites  measured  the  second  year  have  significant  upstream 
diversions  for  irrigation,  and  three  of  these  sites  are  on  the  same  stream  (Flat- 
head Creek).  Other  sites  with  significant  irrigation  diversions  include  Brackett 
Creek  (site  33),  Upper  and  Lower  Deer  Creeks  (sites  38  and  39),  and  Bridger  Creek 
(site  40). 


DESCRIPTION  OF  ESTIMATION  PROCEDURE 

Riggs  (1969)  described  how  once-monthly  discharge  measurements  can  be  used  to 
estimate  monthly  mean  discharge  by  assuming  that  the  ratio  of  the  measured  dis- 
charge to  the  monthly  mean  discharge  is  the  same  as  the  ratio  determined  for  a 
nearby  gaged  site  (correlating  site).  The  monthly  mean  discharges  thus  estimated 
for  each  month  can  be  summed  and  averaged  to  provide  an  estimate  of  an  annual  mean 
discharge  with  generally  good  accuracy  (+10  percent  error).  The  long-term  mean 
annual  discharge  can  be  estimated  from  a  regional  regression  of  the  annual  mean 
discharge  for  the  measurement  year  versus  the  long-terra  mean  annual  discharge  for 
several  nearby  gaged  sites.  If  only  one  or  two  nearby  gaged  sites  are  available, 
the  long-term  mean  annual  discharge  can  be  estimated  from  a  regional  average  of 
the  ratios  of  long-term  mean  annual  discharge  to  annual  mean  discharge  at  the 
gages.  The  accuracy  of  the  estimated  long-term  mean  annual  discharge  is  comparable 
to  the  accuracy  of  the  estimated  annual  mean  discharge  (Riggs,  1969;  Parrett  and 
Hull,  1984). 

The  individual  estimates  of  monthly  mean  discharge  using  the  concurrent-dis- 
charge technique  are  generally  not  accurate.  The  authors  found  in  a  previous  study 
(1984)  that  estimates  of  monthly  mean  discharge  were  commonly  in  error  by  as  much 
as  40-50  percent  even  when  the  annual  mean  flow  estimate  was  within  10  percent  of 
the  true  value.  The  primary  reason  for  the  greater  inaccuracy  in  estimating  a 
monthly  streamflow  characteristic  is  that  only  one  measurement  is  available  for 
each  month  for  making  the  estimate,  whereas  12  measurements  are  available  for  making 
an  estimate  of  an  annual  streamflow  characteristic.  In  essence,  averaging  the 
individual  monthly  estimates  significantly  dampens  the  individual  large  errors 
that  may  be  present  in  any  1  month.  Ideally  then,  more  than  one  measurement  per 
month  is  needed  to  make  estimates  of  monthly  streamflow  characteristics. 

For  this  study,  only  one  measurement  per  month  was  generally  available,  al- 
though two  measurements  were  available  for  some  sites  during  June  (table  11). 
Therefore,  the  following  several-step  technique  was  devised  for  making  the  required 
monthly  percentile  discharge  estimate  from  several  measurements. 

Estimating  seasonal  mean  discharge 

The  concurrent-discharge  technique  of  Riggs  was  used  to  estimate  monthly  mean 
discharge  for  the  first  year  (November  1982  through  October  1983)  at  each  of  the 
21  selected  sites  upstream  from  Livingston  and  for  the  second  year  (1984  water 
year)  for  the  remaining  19  sites  (fig.  1).  The  nearby  gaging  station  used  as  a 
correlating  site  the  first  year  was  Big  Creek  near  Emigrant  (station  06191800). 
Gaging  stations  used  as  correlating  sites  the  second  year  were  Big  Creek  near  Emi- 
grant and  the  Shields  River  near  Livingston  (station  06195600). 

The  estimated  monthly  mean  discharges  were  then  summed  at  each  site  for  vari- 
ous flow  seasons.  In  the  study  area  upstream  from  Livingston,  several  different 
monthly  groupings  were  tried.  The  grouping  that  showed  the  most  consistent  rela- 
tionship between  the  monthly  mean  discharge  and  the  seasonal  mean  discharge  consist- 
ed of  two  seasons.  Thus,  a  summer  season  (June  through  September)  corresponds 
generally  to  the  period  of  snowmelt  runoff  from  the  h'igh-elevation  mountains  of  the 
upper  Yellowstone  River  basin.  Likewise,  the  remaining  months  constitute  a  general- 
ly low-flow  season  for  streams  upstream  from  Livingston.  Three  sites  downstream 
from  Livingston  (sites  26,  27,  and  34)  also  were  identified  as  having  a  two-season 
pattern  of  streamflow. 


For  the  rest  of  the  study  area,  three  distinct  seasons  of  streamflow  were 
identified  and  used:  A  high-flow  period  from  April  through  June,  a  3-month  period 
of  generally  low  flow  during  the  irrigation  season  from  July  through  September  and 
a  generally  natural  low-flow  period  from  October  through  March.  Where  the  three 
seasons  were  used,  the  two  different  low-flow  seasons  (July-September  and  October- 
wer.  generally  markedly  different  from  each  other.  In  general  the  streams 
having  significant  upstream  irrigation  diversions  had  similar  flows  during  the  two 
low-flow  seasons,  whereas  the  streams  without  significant  irrigation  had  signifi- 
cantly lower  flows  from  October  through  March.  The  seasonal  mean  discharges  deter- 
mined for  the  measurement  year  at  each  site  are  given  in  tables  1  and  2. 

Long-term  mean  seasonal  discharges  were  determined  by  applying  the  average  of 
the  ratios  of  long-term  mean  seasonal  discharge  to  measurement-year  seasonal  mean 
discharge  at  selected,  concurrent  gage  sites.  For  the  measurement  year  November 
1982  through  October  1983,  the  two  gaged  sites  used  to  calculate  the  ratios  were 
Big  Creek  near  Emigrant,  the  correlating  site,  and  Yellowstone  River  at  Corwin 
Springs  (station  06191500).  Thus,  for  example,  the  long-term  mean  seasonal  dis- 
charge for  the  high-flow  season  for  Big  Creek  is  106  ft*/-,  and  the  ratio  of  the 
long-term  mean  seasonal  discharge  to  the  measurement  year  seasonal  mean  discharge 
il  1  03  Similarly,  the  ratio  of  the  long-term  mean  seasonal  discharge  to  the 
measurement  vear  high-flow  seasonal  mean  discharge  for  the  Yellowstone  River  at 
Corwin  Springs  is  1.01,  and  the  average  of  the  two  ratios  is  1.02. 

For  the  second  measurement  year  (1984  water  year),  concurrent  gaged  sites  used 
to  calculate  the  ratios  of  long-term  mean  seasonal  discharge  to  measurement-year 
seasonal  mean  discharge  were  Big  Creek,  Yellowstone  River  at  Corwin  Springs   Yel- 
lowstone River  at  Livingston  (station  06192500),  and  Boulder  River  at  Big  Timber 
(station  06200000).   The  second  correlating  site,  Shields  Rxver  near  Livingston, 
was  not  used  to  calculate  the  ratios  because  of  its  short  (6-year)  length  of  record. 
For  the  high-flow  season  (April- June) ,  the  average  ratio  calculated  from  the  four 
gage  sites  was  1.04.   Similarly  for  the  irrigation  season  (July-September)   the 
average  ratio  was  0.97,  and  for  the  low-flow  season  (October-March)  it  was  0.77 
The  same  four  concurrent  gaged  sites  were  used  to  calculate  an  average  ratio  of 
long-  cerm  mean  seasonal  discharge  to  measurement-year  seasonal  mean  discharge  for 
the  two-season  case  (summer  season  June-September,  and  low-flow  season  October-May 
so  that  ion-term  mean  seasonal  discharge  could  be  determined  for  the  Cottonwood 
Cre  k  measurement  sites  (sites  26  and  27)  and  for  the  Rock  Creek  measurement  ste 
(site  34).   In  this  case,  the  average  ratio  calculated  for  each  season  was  1.10. 
The  seasonal  mean  discharges  and  long-term  mean  seasonal  discharges  thus  estimated 
for  each  measurement  site  are  given  in  tables  1  and  2. 

To  help  further  explain  the  reason  for  using  mean  seasonal  discharges  to  esti- 
mate monthly  percentile  discharges,  three  graphs  showing  the  relationships  among 
mean  Inthl   discharge,  mean  seasonal  discharge   and  a  "^^^ 
charge  or  discharge  measurement  are  shown  in  figure  2.   The  three  graphs  are  tor 
currfntJy  operating  gaged  sites  on  the  Yellowstone  River  at  Corwin  Springs  (station 
0619?500)  and  Big  Creek  near  Emigrant  (station  06191800) ,  and  for  the  discontinued 
gaged  si  e  on  Brackett  Creek  near  Clyde  Park  (station  06194000).   As  mentioned  pre- 
1   Big  Creek  was  used  as  a  correlating  site  for  all  sites  measured  during  the 
first  vear  of  the  program.   Brackett  Creek  was  measured  once-monthly  during  the 
984  water  year  and'  was  used  to  test  the  results  of  the  monthly  percentile  dis- 
charge estimating  procedure.   Data  from  all  three  sites  were  used  to  develop  equa- 
tions for  estimating  monthly  percentile  discharge.   All  discharges  shown  on  the 
graphs  for  the  three  sites  are  dimensionless  discharges  that  were  derived  by 


Tal  le    I .--Seasonal    mean   discharge  at   sites  with    two   flow  seasons 


Site 

No.  Stream   name 


Seasonal   mean 

discharge,    in  Long-terra  mean 

cubic   feet    per  seasonal   discharge, 

second,    for    1982-83  in   cubic   feet 

measurement   year  per   second 


Summer 

Low-flow 

Sumner 

Low-flow 

season 

season 

season 

season 

(June- 

(Oct.- 

(June- 

(Oct.- 

Sept.) 

May) 

Sept.) 

May) 

79.1 

13.0 

80.7 

14.7 

141 

21.7 

144 

24.5 

38.0 

15.5 

38.8 

17.5 

13.9 

8.12 

14.2 

9.18 

15.2 

10.5 

15.5 

11.9 

52.0 

21.4 

53.1 

24.2 

11.1 

7.39 

11.3 

8.35 

90.5 

43.6 

92.3 

49.3 

79.9 

41.2 

81.5 

46.6 

45.3 

10.3 

46.2 

11.6 

66.1 

14.9 

67.4 

16.8 

28.1 

13.9 

28.7 

15.7 

11.5 

4.16 

11.7 

4.70 

25.4 

22.5 

25.9 

25.4 

313 

68.5 

319 

77.4 

23.6 

17.5 

24.1 

19.8 

13.4 

2.34 

13.7 

2.64 

8.23 

12.1 

8.39 

13.7 

4.89 

9.56 

4.99 

10.8 

10.7 

20.9 

10.9 

23.6 

2.34 

6.74 

2.39 

7.62 

!53.4 

hs.s 

48.6 

17.1 

!43.9 

*26.4 

39.9 

24.0 

L61.9 

1  19.8 

56.3 

18.0 

1  Bear   Creek    above   North    Fork    Bear 

Creek 

2  Bear  Creek  below  North  Fork  Bear 

Creek 

3  Mol  Heron  Creek 

4  Cinnabar  Creek  above  Cottonwood 

Creek 

5  Cinnabar  Creek  at  mouth 

6  Mol  Heron  Creek  below  Cinnabar 

Creek 

7  Cedar  Creek  at  mouth 

8  Tom  Miner  Creek  above  Canyon 

Creek 

9  Tom  Miner  Creek  at  mouth 

10  Rock  Creek  at  mouth 

1 1  Sixmile  Creek 

12  Fridley  Creek  above  Miller  Creek 

13  Fridley  Creek  at  mouth 

14  Eightmile  Creek 

15  Mill  Creek  above  diversions 

16  Trail  Creek 

17  Suce  Creek 

18  Billman  Creek  above  Miner  Creek 

19  Miner  Creek 

20  Billman  Creek  at  mouth 

21  Fleshman  Creek  at  mouth 

26    Cottonwood  Creek  above  Slippery 

Creek 
2  7    Cottonwood  Creek  below  Little 

Cottonwood  Creek 
34    Rock  Creek 


^Seasonal  mean  discharges  determined  from  measurements  in  1983-84. 


Table  2. — Seasonal    mean   discharge  at   sites  with    three  flow  seasons 


Site 

No. 


Stream  name 


Seasonal  mean 

discharge,  in  cubic 

feet  per  second, 

for  1983-84 

measurement  year 

High-  Irri-  Low- 
flow  gation  flow 
season  season  season 
(Apr.-  (July-  (Oct.- 
June)    Sept.)  Mar.) 


Long-term  mean 

seasonal  discharge, 

in  cubic  feet  per  second 

High-  Irri-     Low- 
flow  gation    flow 
season  season  season 
(Apr.-  (July-  (Oct.- 
June)  Sept.)   Mar.) 


22  Smith  Creek 

23  Flathead  Creek  above 

Cache  Creek 

24  Flathead  Creek  above 

Muddy  Creek 

25  Flathead  Creek  at 

mouth 

28  North  Fork  Brackett 

Creek 

29  Middle  Fork  Brackett 

Creek 

30  South  Fork  Brackett 

Creek 

31  Brackett  Creek  above 

Weasel  Creek 

32  Brackett  Creek  above 

Fox  Creek 

33  Brackett  Creek  near 

mouth  (old  gaged 
site) 

35  Mission  Creek  above 

Little  Mission 
Creek 

36  Little  Mission  Creek 

37  Mission  Creek  below 

Little  Mission 
Creek 

38  Upper  Deer  Creek 

39  Lower  Deer  Creek 

40  Bridger  Creek 


69.9 
33.9 

94.6 

104 

31.1 


47.9 


9.51 
9.38 

23.7 

17.5 

7.94 


26.4 


4.46 
7.17 

22.8 

32.1 

3.56 


26.8     3.36  2.19 

20.4     4.10  1.66 

82.1  15.6  7.11 

120  21.3  12.8 

125  19.5  15.5 


8.19 


99.0  8.69  7.33 
76.7  16.6  7.40 
33.4     4.18     3.71 


49.8 


9.22 

3.43 

9.10 

5.52 

23.0 

17.6 

17.0 

24.7 

7.70 

2.74 

72.7 
35.3 

98.4 

108 

32.3 


27.9  3.26  1.69 

21.2  3.98  1.28 

85.4  15.1  5.47 

125  20.7  9.86 

130  18.9  11.9 


25.6 


6.31 


24.3 

6.79 

3.41 

25.3 

6.59 

2.63 

72.2 

33.2 

11.6 

75.1 

32.2 

8.93 

103  8.43  5.64 
79.8  16.1  5.70 
34.7      4.05     2.86 
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A     Yellowstone    River    at   Corwin  Springs    (stalion 
C6I9I50C  )     Drainage   area  -    2623  square  miles 
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B.    Big  Creek  near  Emigrant   (station  06191600) 
Drainage  crea  =  60.9    square   miles 


ONDJFMAMJJAS 

C.   Bracket)    Creek    near    Clyde    Pork    (station 

06194000}      Drainage   area  =  37.9  square  miles 


EXPLANATION 
LONG-TERM    MEAN  MONTHLY    DISCHARGE 


LONG-TERM    MEAN   SEASONAL    DISCHARGE 


MID-MONTHLY  DAILY   MEAN    DISCHARGE 
IN    1984 — Measured   discharge  for 
Brackett    Creek 


Figure   2. --Bar  graphs    comparing   dimensionless   discharges   for  each  month  at 
selected   gaged   sites. 


dividing  each  discharge  value  by  the  long-term  mean  annual  discharge  for  each  site. 
Each  graph  is  thus  directly  comparable  to  the  others  even  though  the  drainage  areas 
and  actual  mean  discharges  are  greatly  different  at  each  site. 

Comparison  of  the  bar  graphs  for  the  Yellowstone  River  and  Big  Creek  indicates 
that  the  runoff  patterns  for  the  two  streams  are  remarkably  similar,  even  though 
there  are  large  differences  in  size  of  drainage  area.  The  mean  monthly  dimension- 
less  discharges  for  July,  August,  and  September  and  the  corresponding  irrigation- 
season  mean  seasonal  dimensionless  discharge  for  the  Yellowstone  River  are  slightly 
larger  than  those  for  Big  Creek,  indicating  the  greater  lake  storage  in  the  Yellow- 
stone River  basin.  The  bar  graph  for  Brackett  Creek  shows  that  runoff  begins  ear- 
lier in  this  stream  basin  than  in  Big  Creek  or  the  Yellowstone  River,  and  that  the 
mean  monthly  discharges  during  the  high-flow  season  (April  through  June)  are  more 
consistent  than  in  the  other  two  basins.  Because  Brackett  Creek  is  farther  down- 
stream than  the  other  two  sites,  Brackett  Creek  is  believed  to  be  more  generally 
representative  of  the  ungaged  measurement  sites  downstream  from  Livingston. 

As  indicated  by  all  three  bar  graphs,  the  mid-monthly  daily  mean  discharge  is 
often  significantly  different  from  the  mean  monthly  discharge,  particularly  during 
months  of  high  flow.  Of  particular  interest  is  the  fact  that  the  mid-monthly  dis- 
charge is  significantly  larger  than  the  mean  monthly  discharge  for  May  at  the  Yel- 
lowstone River  and  Big  Creek  sites,  but  is  significantly  smaller  than  the  mean 
monthly  discharge  for  June  at  the  same  two  sites.  For  these  sites,  it  is  thus  ap- 
parent that  using  a  seasonal  average  of  three  mid-monthly  discharges  for  April, 
May,  and  June  would  result  in  better  estimates  of  the  mean  monthly  discharges  for 
those  3  months  than  would  using  just  the  individual  mid-monthly  daily  mean  dis- 
charges. 

For  the  Brackett  Creek  site,  however,  each  of  the  three  mid-monthly  discharges 
is  greater  than  the  mean  monthly  discharge  for  April,  May,  and  June.  Using  the 
average  of  the  three  mid-monthly  discharges  thus  would  not  result  in  improved  esti- 
mates for  the  mean  monthly  discharges  overall,  but  the  estimate  for  the  month  with 
the  largest  difference  between  mid-monthly  and  mean  monthly  discharge  (June)  would 
be  improved. 

Because  of  the  often  large  differences  in  measured  discharge  from  month  to 
month  at  many  of  the  ungaged  measurement  sites,  averaging  of  monthly  mean  discharge 
estimates  to  produce  seasonal  mean  discharge  estimates  is  believed  to  result  in 
overall  improvement  of  the  monthly  percentile  discharge  estimates.  As  shown  by  the 
bar  graph  for  Brackett  Creek,  however,  the  improvement  of  estimates  due  to  averag- 
ing may  be  negligible  at  some  sites. 

Estimating  monthly  percentile  discharges 

The  flow-duration  curve  of  mean  monthly  discharges  can  be  used  to  show  monthly 
percentile  discharges.  For  example,  the  20-percentile  discharge  for  April  is  the 
discharge  exceeded,  on  the  average,  by  the  mean  monthly  discharge  in  April  for  2 
years  of  every  10.  An  example  flow-duration  curve  for  mean  monthly  discharge  in 
April  for  Big  Creek  near  Emigrant  is  shown  in  figure  3.  In  this  instance,  the  20- 
percentile  discharge  is  57.0  f  t-Vs.  On  the  average,  the  monthly  mean  discharge  dur- 
ing April  for  Big  Creek  near  Emigrant  will  be  greater  than  57.0  f t-Vs  only  20-per- 
cent of  the  time  (2  years  of  every  10). 
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Figure  3. — Flow-duration  curve  of  mean  April  discharge  for  Big  Creek  near  Emigrant, 


To  obtain  a  relationship  between  the  long-term  mean  seasonal  discharges  and 
the  required  long-term  monthly  percentile  discharges,  data  from  nine  gaging  sta- 
tions were  u«ed,  including  one  of  the  stations  used  as  a  correlating  site  for  the 
determination  of  the  seasonal  mean  discharges.  Four  of  the  stations  used  for  the 
regression  analyses  were  on  streams  with  some  upstream  diversions  for  irrigation. 

The  streamf low-gaging-station  data  were  used  to  develop  regression  equations 
relating  the  desired  monthly  percentile  discharge  to  the  appropriate  long-term  mean 
seasonal  discharge.  Because  two  different  patterns  of  seasonal  means  were  used 
(two  seasons  upstream  from  Livingston,  three  seasons  for  most  sites  downstream)  and 
because  the  required  monthly  percentiles  varied  from  site  to  site,  more  than  12 
separate  regression  equations  were  required.  The  required  monthly  percentile  and 
the  number  of  seasons  used  to  determine  seasonal  mean  discharge  (independent  vari- 
able) for  each  month  for  each  of  the  40  measurement  sites  are  given  in  table  3. 
Thus,  43  separate  regression  equations  were  needed  to  provide  all  the  required 
monthly  percentiles. 

The  regression  equations  developed  for  each  month  were  of  the  following  log- 
linear  form: 


log  Qp   =  log  a  +  b  log  Qs 
or 
0      =  a  0   b 


(1) 
(2) 
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where 

Q      is  the  monthly  percentile  discharge  for  a  particular  month, 

a   is  the  linear  regression  constant, 
b   is  the  regression  coefficient,  and 

Qs    is  the  long-term  mean  seasonal  discharge  corresponding  to  the  particular 
month. 

For  example,  the  regression  equation  developed  for  estimating  the  required 
percentile  discharge  for  December  for  sites  1  through  21  was: 

Q20   =  0.38  0SU09  (3) 

where 

Qs    is  the  long-term  mean  seasonal  discharge  computed  for  October  through  May. 

Likewise,  the  regression  equation  developed  for  estimating  the  required  percentile 
discharge  for  May  for  sites  38  through  40  was: 

Qon  =  1.20  ec0-86  (*> 


'90  "■"■"  vs 


where 


£>«.  is  the  long-term  mean  seasonal  discharge  computed  for  April  through  June. 


Table  3. — Determination  of  number  of  regression  equations  required 


Site 
Nos. 


Percentiles  required  for  specified  months        Number  of  seasons 

used  to  calculate 
October-April         May-September  seasonal  means 


1-21 
26-27;  34 


20  50]  ,  2 


50  50  J  2 


22-25;  28-31  50 


50  3 

90  1   i  3 


35-37  50  J                90  1   i                  3 

38-40  90                  90  J                     3 

Number  of 

regressions 

required  =  7  nonths  x  4  =  28      5  months  x  3  =  15 

Total  number  of  regressions  =  43 


1  Percentiles  and  number  of  seasons  are  the  same;  one  set  of  equations  required. 
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Because  only  nine  gat^ed  sites  were  used  in  the  regression  analyses,  the  re- 
gression lines  were  graphically  fitted  to  the  nine  data  points  rather  than  using  a 
mathematical,  least-squares  fitting  procedure.  The  graphical  fitting  allowed  some 
subjective  weighting  of  the  data  points  when  one  or  two  gaged  sites  were  thought  to 
he  more  hydro] ogical ly  similar  to  the  measurement  sites  where  the  percentile  dis- 
charge estimates  were  required.  For  example,  when  fitting  regression  lines  for  the 
estimation  of  percentile  discharges  for  sites  measured  the  first  year,  more  weight 
was  usually  given  to  the  Big  Creek  gaged  site  (station  06191800)  because  it  is  more 
like  measurement  sites  1  through  21  than  any  of  the  other  gaged  sites.  Likewise, 
when  fitting  regression  lines  for  the  estimation  of  percentile  discharges  for  sites 
measured  the  second  year,  more  weight  was  usually  given  to  the  Big  Creek  or  Shields 
River  (station  06193000)  gaged  site. 
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Regression  constants,  regression  coefficients,  and  coefficients  of  determina- 
tion (rO  were  computed  for  each  of  the  43  graphical  regressions  (tables  4-6).  The 
regression  constants  range  from  0.17  to  4.49,  with  the  largest  values  for  any  given 
percentile  occurring  in  May  or  June.  The  regression  coefficients  range  from  0.86 
to  1.14,  indicating  that  the  relationship  between  the  various  percentile  discharges 
and  the  mean  seasonal  discharges  is  almost  linear  (coefficient  =  1.00)  for  all  43 
equations.  The  coefficients  of  determination  range  from  0.927  to  0.999,  indicating 
that  the  regression  lines  fit  the  data  points  with  only  a  small  degree  of  scatter 
in  all  instances. 

For  purposes  of  illustration,  three  of  the  graphical  regressions  are  shown  in 
figure  4.  The  regression  line  relating  the  50-percent ile  discharge  for  April  to 
the  mean  seasonal  discharge  for  April  through  June  (three-season  pattern)  is  shown 
in  figure  4A.  This  regression  had  the  smallest  coefficient  of  determination  and 
consequently  the  greatest  scatter  about  the  regression  line.  As  indicated  by  fig- 
ure 4A,  the  regression  line  closely  fits  the  nine  data  points  regardless  of  the 

Table  4. — Regression   constants 

Three-season  pattern  for  Two-season  pattern  for 

indicated  percentile  required      indicated  percentile  required 

Month  50  90  50  20 


January  0.76  0.48  0.22             0.28 

February  .76  .48  .22              .25 

March  1.U0  .51  .23              .32 

April  .60  .17  .99             1.59 

May  1.65  1.20  4.49 

June  .57  1.26  2.87 

July  1.35  .85  .60 

August  .51  .22  .17 

September  .53  .25  .21 

October  1.20  .61  .38             .52 

November  .98  .86  .35              .52 

December  .85  .58  .26             .38 
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Table  5. — Regression    coefficients 


Three-season  pattern  Two-season  pattern 

for  indicated  per-  for  indicated  per— 

centile  required  centile  required 

Month                        50         90  50         20 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


1.00 

1.07 

1.00 

1.07 

.97 

1.04 

.86 

.94 

.92 

.86 

1.14 

1.00 

1.04 

1.00 

1.04 

1.09 

.98 

1.00 

1.01 

1.12 

1.03 

1.00 

1.02 

1.05 

1.13 

1.12 

1.13 

1.14 

1.13 

1.10 

.96 

.94 

.94 

— 

.95 

— 

1.09 

-- 

1.13 

— 

1.05 

-- 

1.13 

1.11 

1.11 

1.08 

.99 

1.09 

Table  6.--Coeff icients  of   determination    (r* ) 


Three-season  pattern  Two-season  pattern 

for  indicated  per-  for  indicated  per- 
centile  required  centile  required 

Month  50        90  50         20 


0.999 

0.995 

.998 

.996 

.994 

.994 

.927 

.952 

.995 

.987 

.992 

.982 

.999 

.996 

.999 

.998 

.995 

.996 

.999 

.996 

.998 

.998 

.999 

.997 

0.989 

0.991 

.991 

.991 

.988 

.986 

.965 

.956 

.990 

— 

.998 

— 

.997 

— 

.994 

— 

.989 

— 

.988 

.990 

.989 

.993 

.989 

.994 
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Figure  A. — Regression   equations    relating  monthly   percentile   discharge    to  mean 
seasonal    discharge    at    nine   gaged    sites. 
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relatively  snail  coefficient  of  determination.  The  regression  line  relating  the 
90-percent il"  discharge  for  August  to  the  mean  seasonal  discharge  for  July  through 
September  (three-season  pattern)  is  shown  in  figure  AB.  This  regression  illus- 
trates the  scatter  about  the  regression  line  for  a  month  when  irrigation  is  most 
significant.  The  regression  line  relating  the  50-percentile  discharge  for  December 
to  the  mean  seasonal  discharge  for  October  through  May  is  shown  in  figure  4C.  This 
graph  illustrates  the  scatter  about  the  regression  line  for  a  typical  low-flow 
month  where  a  two-season  mean  discharge  was  used.  As  before,  the  fit  to  the  nine 
data  points  is  general Ly  very  good. 

Extending  streamflow  records  to  a  common  base  period 

The  monthly  percentile  discharges  for  the  nine  gaged  sites  used  in  the  regres- 
sion analyses  were  obtained  from  flow-duration  curves  of  mean  monthly  discharge  for 
each  month.  The  number  of  points  used  to  develop  each  flow-duration  curve  is  equal 
to  the  number  of  years  of  record  at  the  site.  In  general,  the  more  data  points 
(years  of  record)  used  to  draw  the  flow-duration  curve,  the  more  reliable  the  curve. 
Also,  a  flow-duration  curve  based  on  a  short  record  may  reflect  short-term  hydro- 
logic  conditions  that  are  not  representative  of  long-term,  future  conditions.  Ac- 
cordingly, a  procedure  for  extending  short-term  streamflow  records  to  a  longer, 
common  base  period  was  used. 

The  method  chosen  to  extend  streamflow  records  was  a  statistical  regression 
procedure  developed  by  the  U.S.  Army  Corps  of  Engineers  (1971).  The  regression 
procedure  (HEC-4)  use-;  monthly  flow  data  from  several  streamflow  gages  in  an  area 
to  estimate  missing  monthly  flow  values  for  each  gage  and  for  each  year  of  record. 
The  method  also  preserves  the  variance  of  the  unadjusted  short-term  record  by  add- 
ing a  random  component  to  the  estimated  values.  Starting  with  the  first  year  of 
data,  missing  monthly  streamflows  are  estimated  at  all  stations  for  each  month  in 
sequence.  Thus,  when  a  missing  flow  is  being  estimated,  there  is  always  a  valid 
value  for  all  stations  already  examined  that  month  and  for  all  remaining  stations 
in  either  the  current  or  the  preceding  month.  The  equation  for  estimating  missing 
flows  has  the  following  general  form: 


Qi,j   =  Br-]i,i  +---+  Bj-iQi,j-i  +  *jQ±-i,j 


;    Bj+l<>i,j+l    +"'+   Bn?i,n  +    \/1~R2ifj    <Zi,j>> 


(5) 


where 


Ox    7  is  the  monthly  flow  logarithm,  expressed  as  a  standard  normal  deviate,  for 

month  i  and  station  j, 
Bj    is  the  beta  coefficient  for  station  j    computed  from  a  correlation  matrix 

of  flows  at  all  n    stations, 
R  j_    j    is  the  multiple  correlation  coefficient  for  month  i  and  station  j ,  and 
Z ir j    is  a  random  number  generated  from  a  standard  normal  population. 

If  any  stati:n  being  used  to  estimate  a  missing  monthly  flow  is  also  missing  a  flow 
value  for  that  month  (O,  then  the  flow  for  the  preceding  month  (i-1)  is  used  in  the 
right  side  of  equation  5.  If,  for  example,  the  monthly  flow  at  station  1  and  month 
i  were  missing,  the  first  term  on  the  right  side  of  equation  5  would  be  BiC,_i-i/i» 


is 


For  this  study,  the  HEC-4  procedure  was  used  to  develop  a  common  base  period 
for  nine  gaged  sites  used  in  the  regression  analyses.  Trie  earliest  year  that  any 
two  of  the  nine  gages  had  record  was  1934.  Consequently,  1934  was  the  first  year 
of  the  common  base  period,  and  the  HEC-4  procedure  was  used  to  extend  all  short- 
term  gage  record  through  1982.  The  monthly  percentile  discharges  at  each  site  were 
thus  taken  from  flow-duration  curves  developed  from  the  common  1934-82  base  period. 

RELIABILITY  OF  ESTIMATION  PROCEDURE 

Regardless  of  the  generally  good  fit  to  the  data  points,  estimates  of  monthly 
percentile  discharge  were  required  for  sites  with  smaller  discharges  than  any  of 
the  gaged  sites.  Thus,  the  regression  equations  had  to  be  used  to  make  estimates 
outside  the  range  of  data  used  to  derive  the  equations,  and  the  results  may  be 
questionable.  Accordingly,  two  measurement  sites  where  some  streamflow  record  was 
available  were  used  to  make  an  independent  evaluation  of  the  predictive  reliability 
of  the  regression  equations. 

The  43  regression  equations  developed  from  the  gaging-s tation  data  were  used 
to  estimate  the  various  monthly  percentile  discharges  required  at  the  40  selected 
sites  (tables  7  and  8).  One  of  the  first-year  measurement  sites  (Mill  Creek,  site 
15)  was  located  about  2  miles  upstream  from  a  discontinued  streamf low-gaging  sta- 
tion (Mill  Creek  near  Pray,  site  06192000).  Although  no  significant  tributaries 
occur  between  the  gage  and  the  measurement  site,  several  large  ditches  divert  irri- 
gation water  during  the  irrigation  season.  Streamflow  at  the  two  sites  thus  is  not 
equivalent  during  the  irrigation  season  but  is  considered  to  be  equivalent  during 
the  rest  of  the  year.  The  monthly  percentile  discharges  estimated  at  the  measure- 
ment site,  therefore,  can  be  compared  to  the  monthly  percentile  discharges  deter- 
mined from  the  record  for  the  non-irrigation  season.  As  indicated  in  table  9,  the 
differences  between  the  estimated  percentile  discharges  and  those  determined  from 
the  record  range  from  -31  percent  to  +27  percent,  with  the  average  monthly  differ- 
ence being  +3  percent.  The  estimated  discharges  were  larger  than  those  from  the 
record  for  5  months,  and  the  discharges  from  the  record  were  larger  than  those 
estimated  for  4  months.  No  strong  bias  in  the  estimation  technique  thus  is  indi- 
cated for  the  Mill  Creek  site. 

Although  using  one  gaged  site  as  a  test  site  is  not  a  rigorous  test  of  the  ac- 
curacy of  the  estimation  technique,  the  Mill  Creek  gaged  site  is  believed  to  be  hy- 
drologically  similar  to  the  other  20  sites  measured  the  first  year.  Also,  the  ex- 
pected error  of  the  estimated  monthly  percentile  discharges  for  those  20  sites 
probably  is  comparable  to  the  differences  found  for  Mill  Creek  (about  +30  percent). 

One  of  the  sites  measured  during  the  second  year  of  the  program  (site  33)  is 
also  the  site  of  a  discontinued  streamf low— gaging  station  (Brackett  Creek  near 
Clyde  Park,  06194000).  For  this  site,  the  estimated  monthly  percentile  discharges 
could  be  compared  to  percentile  discharges  from  the  record  for  all  12  months  (table 
10).  The  differences  between  estimated  values  and  values  from  the  record  ranged 
from  -14  percent  to  +85  percent,  with  the  average  monthly  difference  being  +28  per- 
cent. The  estimation  procedure  consistently  overestimated  monthly  percentile  dis- 
charges for  Brackett  Creek  for  10  of  the  12  months,  evidently  because  the  measured 
flows  during  the  1984  water  year  were  substantially  larger  than  mean  flows  based  on 
the  record.  Because  other  gaged  sites  used  for  correlation  purposes  did  not  indi- 
cate such  a  large  difference  between  1984  streamflow  and  record-based  mean  flows, 
the  bias  toward  large  estimates  on  Brackett  Creek  would  not  necessarily  apply  to 
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Tab  Le  7 .  —  '"  t-  unites    of     -in  n  th  I  y  pe  rcentile  discharge  jt  19$  2-8  3    me  a  sure  men  t  sites 


Percentile  discharge  for  month  indicated,  in  cubic  feet  per  second 

20  percent 50  percent    20  percent 

Site 
No.       Stream  JAN     FEB     MAR     APR     MAY     JUNE    JULY     AUG    SEPT    OCT    NOV    DEC 

1  Bear  Creek  above  North  For1 

Bear  Creek 

2  Pe.,r    Creek    b*-low    North    Fort 

E'-ar    Creek 

3  MoL    Heron   Cr.ek 

4  Cinnabar    Creek    above 

Cottonwood  Creek 

5  Cinnabar  Creek  at  mouth 

6  Mo  i  Heron  Creek  below 

C  l  nnabar  Cr  eek 

7  Cedar  Creek  .i  <     moul  vi 

8  Tom  Miner  Cre«'k 

Canyon  Or  e<;< 

9  Tom  Miner  Creek  at  mouth 

10  Rock  Creek  at  mouth 

11  S ixnii le  Creek 

12  Fr-.dley  Creek  above 

Miller    Creefc 

13  FriJley    Creek    at    mouth 

14  Elghtmile    C r . -•■■'. 

15  Mill    Creek    above 

d  ivers  ions 

16  Tr  1 1 1    Creek 

17  Suce    Creek 

18  BilLroan    Creek    above 

Mi ner    Creek 

1 9  Miner    Creek 

20  Pill-nan    Creek    at    mouth 

21  Fleshtnan   Crnrk    at    ,nouth 


5.68 

5.35 

6.15 

19.9 

56.2 

186 

71.9 

24.3 

21 

,1 

10.3 

9.48 

7.11 

10.1 

9.58 

10.8 

32.2 

90.8 

322 

135 

46.7 

38, 

,8 

18.1 

16.5 

12.4 

6.91 

3.35 

6.53 
3.13 

7.46 
3.67 

23.4 
12.8 

66.2 
36.1 

92, 
35, 

.7 
.7 

32.4 
10.8 

10.6 
3.41 

3 

.78 
.41 

12.5 
6.09 

1  1  .4 
5.70 

8.60 
4.26 

4.29 

4.2  1 

4.88 

16.3 

46.1 

38, 

,8 

11.9 

3.76 

3 

.73 

8.1  3 

7.54 

5.65 

9.93 

9.45 

1  0.6 

31  .8 

89.7 

125 

45.6 

1  5.1 

13 

.6 

1  7.9 

16.2 

12.3 

3.02 
22.0 

2.81 
21  .3 

3.30 
23.3 

1  1  .7 
62.0 

33.0 
175 

28, 
21  1 

,7 

8.43 
83.2 

2.63 
28.3 

2 

24 

,68 
.3 

5.48 
39.4 

5.1  5 
35.0 

3.84 
26.6 

20.7 
4.36 

19.9 
4.09 

21  .9 

4.74 

58.8 
1  5.9 

166 
45.0 

1HH 

1  19 

72.7 
39.1 

24.6 
12.9 

21 
1  1 

.3 

.3 

37.0 
7.90 

33.0 
7.34 

25.0 
5.50 

6.60 
6.1  2 

6.23 
5./7 

7.13 
6.62 

22.6 
21  .2 

63.7 
59.8 

157 
69 

.6 

59.1 
23.3 

19.8 
7.55 

1  7, 
7 

.5 
.13 

1  1  .9 
11.1 

10.9 
10.2 

8.23 
7.64 

1  .58 
10.5 
36.5 

1  .46 
9.99 
35.6 

1  .76 
1  1  .2 
38.3 

6.81 
33.3 
94.8 

19.2 
93.9 
268 

29, 

63, 

688 

,7 
,2 

8.76 
20.8 
323 

2.74 
6.72 
1  15 

2 

6 

89 

.78 
.40 
,7 

2.90 
18.9 
64.9 

2.77 
17.1 
57.0 

2.05 
12.9 
43.5 

7.93 

.83 

5.25 

7.52 

.76 

4.94 

8.54 

.93 

5.70 

26.3 

3.96 
18.6 

74.3 
1  1  .2 
52.6 

59, 

34 
21 

0 
.5 
.6 

19.3 
1  0.4 
6.10 

6.20 
3.27 
1  .88 

5 
3 
1 

,9  1 
.28 
.96 

14.3 
1  .53 
9.50 

1  3.1 
1  .48 
8.78 

9.84 
1  .09 
6.59 

4.02 
9.66 

3.77 
9.18 

4.38 
10.4 

14.9 
31  .0 

42.0 
87.7 

13 

27 

.2 

.3 

3.46 
8.1  1 

1  .05 
2.53 

1 
2 

.14 
.58 

7.30 
1  7.4 

6.79 
15.8 

5.08 
1  1  .9 

2.72 

2.53 

2.99 

10.7 

30.3 

6. 

.57 

1  .55 

.46 

.52 

4.95 

4.66 

3.48 

Ta  b  le    H .  -  -i      ■      ".it  es    at     mnnthi  y    percentile     discharge    at     1983-84    measurement     sites 


Stream 

Percentile   dischar 

ge 1    for 

month 

indicated 

,    in   cubic    feet    per 

second 

Site 
No. 

IAN 

FEB 

MAR 

APR 

MAY 

JUNE 

JULY 

AUG 

SEPT 

OCT 

NOV 

DEC 

22 

2  I 

Smith   Crei 
Flathead 

:.6i 

4.20 

2.61 
4.20 

3.31 
5.24 

23.9 
12.9 

85.1 
43.8 

75.5 
33.1 

13.6 
1  3.4 

5.14 
5.07 

4.67 
4.61 

4.17 
6.74 

3.49 
5.69 

2.99 

4.86 

Cache    Ci    ■  - 
Flathead    Creel 

13.4 

13.4 

16.1 

31.1 

112 

107 

35.2 

13.3 

1  1.4 

21  .7 

18.8 

15.8 

25 

26 

Muddy    Cr. i - 
Flathead    Creek    at    njutb 
tonwood    Creek   above 
Slipperv    Cret.'k 

18.8 

5.44 

18.8 

5.44 

22.4 
5.69 

33.6 
15.1 

123 
74.8 

i  19 
105 

25.7 

41  .4 

9.71 
13.7 

8.51 
12.4 

30.6 
9.40 

26.7 
8.18 

22.4 
6.43 

27  Cottonwood    Creek    below  7.98         7.98         8.34       20.9  79.8       105  33.3  11.0         10.1  13.8         11 .9  9.43 

Little    C      ■    mwood    Creel1 

28  North    I---         ra      ett    Creek 

29  Kiddle    Fork  icki         Creek 

30  South    Fori-    Bract  et  t    Ci  •*■■- 
il  tracked       i  eek    above 

Weasel    Creek 

32  Brackett  Creek  above 

Fox  Cree-' 

33  Brackett  Creek  near  mouth 

(old  p,  a  k  •■■  d  site) 

34  Rock  Creek  below  Little 

Rock  Creek 

35  Mission  Creek,  above  Little 

Mission  Creek 

36  Little  Mission  Creek 

37  Mission  Creek  below  Little 

Mission  Creek 

38  Upper  Deer  Creek 

39  Lower  Deer  Creek 

40  Bridger  Cr 


.2.08 

1.28 

.97 

4.  lb 

1 

.08 

.23 
.97 
.16 

J 
1 
1 
5 

.66 
.66 
.27 
.20 

1  1, 
10, 

8 

27 

.5 

.29 

.5 

40.4 
35.3 
27.4 
98.7 

29, 
25, 
18, 
90, 

,9 
,3 

,5 
,7 

1  1 
4 

5 
22 

.3 
.61 

.68 
.7 

4 
1 
2 
8 

.26 

.74 
.15 

.S3 

3.92 
1.69 
2.05 
7.58 

3 

2 
1 
6 

.32 

,04 
.54 
.68 

2 

1 
1 
5 

.77 

.68 

.26 
.64 

2.38 
1  .45 
1  .09 

4.81 

7.49 

7 

.49 

9 

.21 

38. 

1 

140 

I4U 

31 

.5 

1  1 

.9 

10.3 

12 

.  1 

10 

,3 

8.77 

9.04 

9 

.04 

1  1 

.0 

39. 

,5 

145 

1  46 

28, 

.7 

10 

.8 

9.45 

14, 

.6 

12 

,6 

10.6 

5.77 

5 

.77 

6 

.03 

1  5. 

,9 

68.0 

132 

48, 

.6 

lb 

.2 

14.5 

9 

,96 

8 

,66 

6.81 

4.80 

4 

.80 

5 

.97 

17. 

3 

278.6 

2  62. 

,7 

221 

,8 

27 

.54 

26.40 

7, 

,71 

6, 

.54 

5.56 

2.00 

2 

.00 

2 

,55 

9, 

,66 

238.1 

231. 

,9 

25, 

,60 

21 

,72 

21  .65 

3, 

,19 

2 

,65 

2.28 

6.79 

6 

.79 

8 

.36 

24 

.6 

21  22 

2  94. 

,6 

227, 

,4 

29 

,b3 

28.05 

1  1, 

.0 

9, 

,35 

7.93 

23.06 
;3.09 
-1  .48 

23 
2  3 
2  1 

.06 
.09 
,48 

,08 
.12 

213. 
2I0. 
2   4, 

3 
,4 

77 

2  64.6 
251  .9 
2  25.3 

2I  30 

-101 
2  43. 

7 

27. 

213, 

23. 

17 
,7 
,44 

22, 
.'4 
21, 

.25 
.55 
,01 

2  2  . 1  1 

24.03 
2  1  .01 

24. 
24, 

-  1  , 

,23 

28 
98 

24. 

24: 

,85 
,90 
,46 

2  3.57 
?  3.61 
2  1.75 

'50  percent  for  all  sites,  cx-eut  as  Indicated. 


2 90  percent. 
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Table  9 .--Differences    between   monthly   percentile   discharges   determined 
from  gage   record  and  regression   equations  for  Mill    Creek    (site    15) 


Month 


Percentile  discharge  for  month 
indicated,  in  cubic  feet  per  second 


Estimated  from 
regression 
equations 


Determined  from 
discharge  record 


Percent 
difference 

from 
discharge 

record 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


36.5 
35.6 
38.3 
94.8 

268 

688 

323 

115 
89. 
64. 
57, 


.7 
,9 
.0 


■  3.5 


33.0 
34.0 
33.0 
80.0 

388 

757 


51.0 

58.0 
47.0 


+  11 

+  5 
+  16 
+  19 
-31 

-9 


+27 
-2 

-o 


'Average  percent  difference  =  +3 


Table  10. — Differences   between   monthly  percentile   discharges 

determined  from  gage   record  and  regression  equations 

for   Drackett   Creek    (site   33) 


Month 


Percentile  discharge  for  month 
indicated,  in  cubic  feet  per  second 


Estimated  from 
regression 
equations 


Determined  from 
discharge  record 


Percent 
difference 

from 
discharge 

record 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


9.04 
9.04 
1  1.0 
39.5 
145 
146 
28.7 
10.8 
9.45 
14.6 
12.6 
10.6 


7.00 
7.00 
9.00 
42.0 
93.0 
79.0 
27.0 
10.0 
11.0 
11.0 
9.00 
7.00 


+29 

+29 

+22 

-6 

+56 

+85 

+6 

+8 

-14 

+33 

+40 

+51 


]Average  percent  difference  =  +28 


the  other  18  sites  measured  in  1984.  Thus,  the  mean  of  the  largest  absolute  dif- 
ferences between  estimated  and  record-based  percentile  discharges  for  Brackett 
Creek  (+50)  probably  are  comparable  to  the  expected  errors  of  the  estimation  pro- 
cedure for  the  sites  measured  during  1984.  The  sites  measured  during  the  second 
year  of  the  program  were  not  as  similar  as  the  first-year  measurement  sites,  and 
the  probable  error  of  the  estimated  monthly  percentile  discharges  is  greater  for 
the  second-year  sites. 

It  is  important  to  note  that  the  estimates  of  monthly  percentile  discharges 
furnished  to  the  Montana  Department  of  Fish,  Wildlife  and  Parks  for  the  two  gaged 
sites  (Mill  Creek  and  Brackett  Creek)  were  based  on  actual  gage  data  (non-irriga- 
tion months  only  for  Mill  Creek).  In  addition,  the  estimates  for  the  other  sites 
on  Brackett  Creek  were  adjusted  to  reflect  the  difference  between  the  estimates 
from  the  regression  equations  and  the  values  from  the  record  determined  for  the 
gaged  site. 

To  apply  the  estimation  technique  described  in  this  report  to  a  different 
study  area,  different  seasonal  mean  discharges  would  probably  need  to  be  computed. 
The  season  would  need  to  be  selected  so  that  the  monthly  mean  discharges  for  each 
month  comprising  the  seasons  are  approximately  equal.  At  the  same  time,  the  number 
of  seasons  would  be  limited  so  that  each  seasonal  mean  discharge  is  based  on  an 
average  of  at  least  three  monthly  mean  discharge  estimates.  Having  at  least  three 
values  to  average  tends  to  dampen  any  large  individual  errors  that  could  be  present 
in  any  single  monthly  mean  discharge  estimate. 

CONCLUSIONS 

Monthly  percentage  discharges  were  estimated  for  ungaged  sites  based  on  once- 
monthly  streamflow  measurements.  The  technique  used  is  a  modification  of  the  con- 
current-discharge technique  previously  used  to  estimate  annual  mean  discharge. 
Several  steps  were  required  to  use  the  modified  technique. 

Based  on  the  results  of  an  application  to  two  discontinued  streamf low-gaging 
stations,  the  modified  technique  provides  reasonably  accurate  estimates  of  monthly 
percentile  discharge  at  the  selected  sites.  For  the  21  sites  measured  during  the 
first  year  of  the  project,  the  probable  average  error  for  any  month  is  within  the 
range  of  differences  found  at  the  Mill  Creek  test  site  (+_30  percent).  For  the  sites 
measured  during  the  second  year,  the  expected  average  error  of  the  monthly  esti- 
mates is  within  the  range  of  differences  found  at  the  Brackett  Creek  test  site  but 
without  the  bias  toward  overestimation.  The  mean  of  the  largest  absolute  differ- 
ences between  estimated  and  record-based  monthly  percentile  discharges  for  Brackett 
Creek  (+50  percent)  probably  is  close  to  the  average  error  of  the  monthly  estimates 
made  for  the  sites  measured  the  second  year. 

The  expected  errors  of  monthly  percentile  discharge  estimated  for  this  study 
are  significantly  larger  than  the  errors  reported  by  Riggs  (1969)  and  Parrett  and 
Hull  (1984)  for  estimating  mean  annual  discharge.  This  result  is  to  be  expected, 
however,  because  an  estimate  of  mean  annual  discharge  is  based  on  an  average  of  12 
separate  measurements.  An  estimate  of  a  monthly  streamflow  characteristic  made 
using  the  concurrent-discharge  technique  is  based  on  only  one  measurement  for  that 
month.  Thus,  using  the  concurrent-discharge  technique  to  estimate  monthly  dis- 
charges would  provide  substantially  more  accurate  estimates  only  if  more  measure- 
ments per  month  were  made  or,  better  yet,  if  the  measurements  were  continued  for 
several  years. 
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The  accuracy  of  the  concurrent-d ischarge  technique  for  estimating  either  mean 
annual  discharge  or  monthly  percentile  discharge  also  is  largely  dependent  upon 
having  a  suitable  correlating  gaged  site.  If  the  correlating  gaged  site  has  stream- 
flow  characteristics  different  from  those  of  the  ungaged  measurement  site,  the 
resulting  monthly  mean  discharge  estimate  will  be  in  error.  The  seasonal  mean 
discharge  or  the  annual  mean  discharge  subsequently  calculated  from  the  individual 
monthly  estimates  thus  could  be  subject  to  a  substantial  cumulative  error.  The 
errors  of  estimation  described  above  for  this  study  include  the  errors  due  to 
imperfect  correlation  but,  because  each  study  area  and  its  correlating  sites  are 
unique,  the  errors  of  estimation  likely  would  be  different  for  different  study 
areas. 
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Table  11. — Site  descriptions  and  streamflow  measurements 
[ft,  foot;  ft->/s,  cubic  foot  per  second;  mi,  mile] 


Site 
No.      Stream  name  Location 


Bear  Creek  above  Lat  45°04*25",  long  110°37'50", 
North  Fork  Bear  in  SW^SE^SW^  sec.  4,  T.  9  S., 
Creek  R.  9  E.,  Park  County,  200  ft 

upstream  from  North  Fork  Bear 
Creek  in  Jardine. 


Bear  Creek  below  Lat  45°04'25,\  long  110°37'50", 
North  Fork  Bear  in  SW^NW^NWiz,  sec.  9,  T.  9  S., 
Creek  R.  9  E. ,  Park  County,  at  bridge 

over  Bear  Creek  in  Jardine. 


Mol  Heron  Creek    Lat  45°06'34",  long  110°49'09", 

in  SW^SW^NW'i  sec.  25,  T.  8  S., 
R.  7  E. ,  Park  County,  at  culvert 
just  upstream  from  Cinnabar 
Creek,  1.5  mi  upstream  from 
mouth,  and  1.5  mi  west  of 
Corwin  Springs. 


Discharge 

Date 

(ft3/s) 

11-15-82 

10.8 

12-13-82 

6.66 

01-18-83 

3.47 

02-15-83 

6.08 

03-16-83 

6.17 

04-14-83 

5.60 

05-18-83 

16.4 

06-01-83 

139 

06-14-83 

144 

07-14-83 

129 

08-15-83 

25.9 

09-16-83 

13.9 

10-13-83 

23.4 

11-15-82 

21.3 

12-13-82 

14.6 

01-18-83 

8.93 

02-15-83 

10.4 

03-16-83 

10.0 

04-14-83 

7.78 

05-18-83 

25.3 

06-01-83 

240 

06-14-83 

*240 

07-14-83 

184 

08-15-83 

40.2 

09-16-83 

23.7 

10-13-83 

36.9 

11-15-82 

17.6 

12-13-82 

16.5 

01-18-83 

10.1 

02-15-83 

10.4 

03-15-83 

9.19 

04-13-83 

11.9 

05-17-83 

10.8 

06-01-83 

55.2 

06-14-83 

71.2 

07-13-83 

52.0 

08-15-83 

19.2 

09-15-83 

13.4 

10-13-83 

17.1 
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Table  11.  — Site   descriptions  and  strearnflow  measurements — Continued 


Site 
No.      Stream  name  Location 


Cinnabar  Creek     Lat  45°06'39",  long  110°51'33", 
above  Cotton-        in  NW^SE^NW^  sec.  27,  T.  8  S.  , 
wood  Creek  R.  7  E.,  Park  County,  0.5  mi 

upstream  from  Cottonwood  Creek, 
2  mi  upstream  from  the  mouth,  and 
3.6  mi  west  of  Corwin  Springs. 


Cinnabar  Creek      Lat  45°06'34",  long  110°49'10", 
at  mouth  in  SW^SW^NVfy  sec.  25,  T.  8  S., 

R.  7  E.,  Park  County,  at  culvert 
at  mouth,  1.5  mi  west  of 
Corwin  Springs. 


Mol  Heron  Creek     Lat  45°07'23",  long  110°48'49", 
below  Cinnabar       in  SW^SE^NW^  sec.  24,  T.  8  S., 
Creek  R.  7  E. ,  Park  County,  at  bridge 

on  county  road,  0.6  mi  upstream 
from  mouth,  and  1.5  mi  north- 
west of  Corwin  Springs. 


Discharge 

Date 

(ft3/s) 

11-15-82 

8.48 

12-13-82 

6.70 

01-18-83 

5.27 

02-15-83 

4.71 

03-15-83 

5.71 

04-13-83 

4.99 

05-17-83 

7.33 

06-01-83 

29.6 

06-14-83 

25.0 

07-13-83 

10.3 

08-15-83 

10.1 

09-15-83 

7.35 

10-13-83 

9.08 

11-15-82 

12.5 

12-14-82 

7.92 

01-18-83 

7.01 

02-15-83 

6.39 

03-15-83 

7.64 

04-13-83 

8.00 

05-17-83 

9.34 

06-01-83 

28.6 

06-14-83 

25.7 

07-13-83 

12.4 

08-15-83 

12.5 

09-15-83 

8.25 

10-13-83 

8.15 

11-15-82 

30.1 

12-13-82 

24.4 

01-18-83 

17.1 

02-15-83 

16.8 

03-15-83 

16.8 

04-13-83 

19.9 

05-17-83 

20.1 

06-01-83 

83.8 

06-14-83 

96.9 

07-13-83 

64.4 

08-15-83 

31.7 

09-15-83 

21.7 

10-13-83 

25.3 
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Table  11. — Site   descriptions  and  streamflow  measurements — Continued 


Site 
No.     Stream  name  Location 


Cedar  Creek  at     Lat  45°08'35"  long  110°48'45", 
mouth  in  SE'tNE^NVMt  sec.  13,  T.  8  S, 

R.  7  E.  ,  Park  County,  at 
culverts  on  U.S.  Highway  89, 
2.5  mi  northwest  of  Corwin 
Springs . 


Tom  Miner  Creek     Lat  45°11'22",  long  110°56*03", 
above  Canyon  Creek    in  NW^NW^NW^  sec.  36,  T.  7  S. 

R.  6  E.,  Park  County,  300  ft 
upstream  from  Canyon  Creek, 
1.8  mi  upstream  from  mouth, 
9  mi  northwest  of  Corwin 
Springs . 


Tom  Miner  Creek    Lat  45°11,57,\  long  110°54'28", 
at  mouth  in  SE^SW^NE'-i  sec.  30,  T.  7  S., 

R.  7  E. ,  Park  County,  at  bridge 
near  mouth  on  county  road,  0.5 
mi  south  of  bridge  over 
Yellowstone  River,  and  8.5  mi 
northwest  of  Corwin  Springs. 


Discharge 

Date 

(ft3/s) 

11-16-82 

7.71 

12-14-82 

6.87 

01-18-83 

5.74 

02-15-83 

6.40 

03-15-83 

5.14 

04-13-83 

6.34 

05-17-83 

4.37 

06-01-83 

17.7 

06-14-83 

26.3 

07-14-83 

21.3 

08-15-83 

1.16 

09-15-83 

.89 

10-13-83 

8.09 

11-16-82 

253.0 

12-14-82 

28.9 

01-19-83 

23.5 

02-15-83 

21.2 

03-15-83 

29.1 

04-13-83 

27.1 

05-17-83 

49.1 

06-01-83 

168 

06-15-83 

164 

07-13-83 

97.2 

08-15-83 

52.6 

09-15-83 

30.7 

10-13-83 

35.0 

11-16-82 

52.9 

12-14-82 

35.0 

01-19-83 

23.2 

02-15-83 

21.1 

03-15-83 

29.4 

04-13-83 

23.9 

05-17-83 

43.6 

06-01-83 

165 

06-15-83 

166 

07-13-83 

83.8 

08-15-83 

33.0 

09-15-83 

21.1 

10-13-83 

27.9 
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Table    11. -Site   descriptions  and  streamflow  measurements — Continued 


Site 

No.      Stream  name  Location 


10     Rock  Creek  at      Lat  45°12'39",  long  110°54'11", 
mouth  in  NE^NW^SE^  sec.  19,  T.  7  S. , 

R.  7  E.,  Park  County,  at  bridge 
at  mouth  on  county  road,  0.4 
mi  north  of  bridge  over 
Yellowstone  River,  and  9  mi 
northwest  of  Corwin  Springs. 


11      Sixmile  Creek      Lat  45°16'15",  long  110°46'31", 

in  SW^SE^NW^  sec.  32,  T.  6  S., 
R.  8  E. ,  Park  County,  at  bridge 
on  county  road,  3.5  mi  upstream 
from  mouth,  and  7  mi  south  of 
Emigrant. 


12  Fridley  Creek  Lat  45°21'38",  long  110°47'58", 
above  Miller  in  NE^SW^NE^;  sec.  36,  T.  5  S. 
Creek  R.  7  E. ,  Park  County,  just 

upstream  from  Miller  Creek, 
2  1/2  mi  upstream  from 
mouth,  and  3  1/4  mi  west  of 
Emigrant . 


Discharge 

Date 

(ft3/s) 

11-16-82 

10.4 

12-14-82 

7.77 

01-19-83 

6.91 

02-16-83 

4.61 

03-15-83 

6.21 

04-13-83 

6.64 

05-17-83 

12.6 

06-01-83 

123 

06-14-83 

110 

07-13-83 

50.9 

08-15-83 

10.1 

09-15-83 

4.77 

10-13-83 

6.52 

11-16-82 

12.5 

12-15-82 

6.06 

01-19-83 

9.33 

02-16-83 

8.19 

03-15-83 

9.52 

04-13-83 

9.88 

05-17-83 

16.1 

06-01-83 

103 

06-14-83 

138 

07-12-83 

96.8 

08-15-83 

28.0 

09-15-83 

17.8 

10-14-83 

22.1 

11-16-82 

15.4 

12-15-82 

7.63 

01-19-83 

7.47 

02-16-83 

6.91 

03-15-83 

12.2 

04-13-83 

9.11 

05-17-83 

15.5 

06-01-83 

56.2 

06-14-83 

60.8 

07-13-83 

29.2 

08-16-83 

10.2 

09-15-83 

9.09 

10-13-83 

10.8 

24 


Table    11.-— Site   descriptions  and  streamflow  measurements — Cont inued 


Site 
No. 


13 


Stream    name 


Location 


Discharge 

Date 

(ft3/s) 

11-16-82 

3.71 

12-15-82 

3.60 

01-19-83 

3.80 

02-16-83 

2.83 

03-15-83 

4.88 

04-13-83 

2.83 

05-17-83 

2.88 

06-01-83 

13.7 

06-14-83 

22.6 

07-13-83 

19.2 

08-16-83 

3.82 

09-15-83 

3.98 

10-13-83 

3.62 

11-16-82 

20.6 

12-15-82 

8.06 

01-20-83 

18.8 

02-16-83 

16.8 

03-14-83 

20.4 

04-12-83 

17.4 

05-16-83 

321.5 

05-31-83 

3  38.0 

06-13-83 

3  40.0 

07-13-83 

23.7 

08-16-83 

20.5 

09-14-83 

19.7 

10-14-83 

20.7 

11-17-82 

77.8 

12-15-82 

23.1 

01-20-83 

25.8 

02-14-83 

36.3 

03-14-83 

48.0 

04-12-83 

38.0 

05-16-83 

80.9 

05-31-83 

567 

06-15-83 

583 

07-12-83 

538 

08-15-83 

111 

09-14-83 

64.1 

10-12-83 

89.9 

Fridley   Cre«k   at 
mouth 


14 


Eightmile 
Creek  near 
Emigrant 


is 


Mill  Creek 
above  diversions 


Lat  45°20,43",  long  110o45'23", 
in  SE^SW^NWii  sec.  4,  T.  6  S.  , 
R.  8  E.,  Park  County,  at  culvert 
on  U.S.  Highway  89,  2  mi 
southwest  of  Emigrant. 


Lat  45°26'15",  long  110°46*05", 
in  NW^NE^NW!;,  sec.  5,  T.  5  S., 
R.  8  E. ,  Park  County,  above 
small  reservoirs,  1.6  mi 
downstream  from  Big  Draw,  and 
5  1/2  mi  northwest  of  Pray. 


Lat  45°20,11",  long  110°35'19", 
in  SE'iSE^SW't  sec.  2,  T.  6  S., 
R.  9  E.,  Park  County,  at  U.S. 
Forest  Service  boundary,  2  mi 
downstream  from  the  East  Fork, 
6  mi  upstream  from  old  U.S. 
Highway  89,  and  5  1/2  mi  south- 
east of  Pray. 
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Table  11. — Site   descriptions  and  streaniflow  measurements — Continued 


Site 
No. 


Stream  name 


Location 


Discharge 

Date 

(ft3/s) 

11-16-82 

11.7 

12-15-82 

4.61 

01-20-83 

6.33 

02-16-83 

12.8 

03-14-83 

16.8 

04-12-83 

11.8 

05-16-83 

27.0 

05-31-83 

62.4 

06-13-83 

50.1 

07-12-83 

23.0 

08-16-83 

10.6 

09-14-83 

8.28 

10-12-83 

7.37 

11-17-82 

1.78 

12-16-82 

.84 

01-17-83 

1.04 

02-14-83 

.97 

03-14-83 

2.79 

04-12-83 

1.97 

05-16-83 

3.03 

05-31-83 

37.2 

06-13-83 

39.2 

07-12-83 

8.41 

08-16-83 

5.30 

09-14-83 

3.41 

10-12-83 

1.56 

11-17-82 

3.29 

12-16-82 

3.62 

01-17-83 

3.60 

02-14-83 

3.65 

03-14-83 

8.51 

04-12-83 

8.87 

05-16-83 

24.8 

05-31-83 

24.1 

06-13-83 

13.6 

07-12-83 

8.47 

08-16-83 

4.05 

09-14-83 

2.89 

10-12-83 

2.40 

lh 


Trail  Creek 


17 


Suce  Creek 


1H 


Billman  Creek 


Lat  45°29'58",  long  110°42,03", 
in  NW^SW^SE^  sec.  11,  T.  4  S. , 
R.  8  E. ,  Park  County,  at  culvert 
on  county  road,  just  above  Pine 
Creek,  13  mi  southwest  of 
Livingston. 


Lat  45°34'01",  long  110°33'30", 
in  SW^NW^NE^  sec.  24,  T.  3  S., 
R.  9  E. ,  Park  County,  at  bridge 
on  old  U.S.  Highway  89,  1  mi  up- 
stream from  mouth,  and  6  1/2  mi 
south  of  Livingston. 


Lat  45°39'30",  long  110°39'04", 
in  NW'iSW'.SW^  sec.  17,  T.  2  S.  , 
R.  9  E. ,  Park  County,  at 
concrete  bridge,  0.1  mi  upstream 
from  Miner  Creek,  0.15  mi  south 
of  frontage  road,  and  4  1/2 
mi  west  of  Livingston. 
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Table    I  [.--Site   descriptions  and  streamflow  measureraents— Cont inued 

Site 
No.  Stream    name  Location 


19  Miner  Creek  La t   45°39'16",    long   110°39*05" 

in  NW^NW^NW^   sec.    20,    T.    2    S., 
R.    9  E.,    Park.   County,    0.4  mi 
south   of    old  U.S.    Highway   10, 
and  4    1/2  mi   west   of    Livingston. 


20  Billman   Creek  Lat   45°38,27",    long   110°34'25", 

at   mouth  in  M^NE^NE^   sec.    26,    T.    2    S.  , 

R.  9  E. ,  Park  County  at  bridge 
on  U.S.  Highway  89,  just  south 
of    Interstate   90,    in  Livingston. 


21  Fleshman   Creek  Lat   45°39*49",    long   110°34'54", 

at   mouth  in  NE^NE^NW^  sec.    23,    T.    2    S., 

R.    9  E. ,    Park   County,    at 
culvert    on  old  U.S.    Highway   10, 
0.8  mi   west   of   junction  with 
old  Highway  89,    1.2  mi 
west    of    post   office   in 
Livingston. 


Discharge 

Date 

(ft3/s) 

11-17-82 

2  2. 16 

12-16-82 

3.41 

01-17-83 

2.52 

02-14-83 

2.01 

03-14-83 

8.99 

04-12-83 

4.84 

05-16-83 

20.6 

05-31-83 

15.6 

06-13-83 

8.97 

07-12-83 

4.44 

08-16-83 

1.99 

09-14-83 

1.66 

10-12-83 

1.85 

11-17-82 

6.48 

12-16-82 

2.44 

01-17-83 

4.69 

02-14-83 

5.35 

03-14-83 

18.0 

04-12-83 

13.8 

05-16-83 

44.6 

05-31-83 

39.1 

06-13-83 

17.8 

07-12-83 

12.1 

08-16-83 

2.48 

09-14-83 

1.80 

10-12-83 

4.19 

11-15-82 

3.93 

12-16-82 

3.48 

01-17-83 

2.44 

02-14-83 

2.27 

03-14-83 

3.72 

04-12-83 

4.17 

05-16-83 

13.0 

05-31-83 

6.77 

06-13-83 

2.44 

07-12-83 

3.31 

08-16-83 

1.10 

09-14-83 

.85 

10-12-83 

1.35 
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Table    11. --Site   descriptions  and  streamflow  measurements — Continued 


Site 
No. 


Stream   name 


Location 


Discharge 

Date 

(ft3/s) 

10-12-83 

5.23 

11-16-83 

8.23 

12-13-83 

3.66 

01-10-84 

4.86 

02-14-84 

3.61 

03-13-84 

2.78 

04-16-84 

19.7 

05-14-84 

160 

06-12-84 

59.8 

07-16-84 

10.3 

08-14-84 

7.96 

09-12-84 

5.10 

10-12-83 

6.54 

11-16-83 

7.62 

12-13-83 

7.10 

01-10-84 

11.8 

02-14-84 

7.60 

03-13-84 

5.86 

04-16-84 

23.6 

05-14-84 

55.8 

06-12-84 

26.2 

07-16-84 

11.7 

08-14-84 

5.84 

09-12-84 

5.16 

10-12-83 

23.2 

11-16-83 

36.0 

12-13-83 

18.2 

01-10-84 

29.2 

02-14-84 

20.6 

03-13-84 

18.5 

04-16-84 

66.0 

05-14-84 

148 

06-12-84 

80.0 

07-16-84 

26.1 

08-14-84 

8.88 

09-12-84 

23.8 

22 


Smith   Creek. 


2  3 


Flathead    Creek 
above   Cache 
Creek 


24 


Flathead  Creek 
above  Muddy 
Creek 


Lat  46°10'34",  long  110°32,13", 
in  NU^NE^SE^  sec  24,  T.  5  N.  , 
R.  9  E. ,  Park  County,  at  private 
bridge  0.1  mi  above  Meadow 
Creek,  and  14  mi  northeast  of 
Wilsall. 


Lat  45°58,37",  long  llO^O'^", 
in  NW^SE^SE!;;  sec.  27,  T.  3  N.  , 
R.  7  E. ,  Park  County,  at  bridge 
on  county  road,  1.3  mi  north 
of  old  town  of  Sedan,  and  8  1/2 
mi  west  of  Wilsall. 


Lat  45°59'31",  long  110°42'26", 
in  NW^SW^SW^  sec.  23,  T.  3  N.  , 
R.  8  E. ,  Park  County,  at  old 
bridge  crossing,  0.1  mi  south  of 
Flathead  Road,  and  2.3  mi  west 
of  Wilsall. 
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Table  11. --Site  descriptions  and  streamflow  measurements — Continued 


Site 
No. 


Stream  name 


Location 


Discharge 

Date 

(ftVs) 

11-16-83 

40.0 

12-13-83 

22.8 

01-10-84 

50.6 

02-14-84 

29.2 

03-13-84 

48.1 

04-16-84 

84.4 

05-15-84 

181 

06-12-84 

56.4 

07-16-84 

34.9 

08-14-84 

1.65 

09-12-84 

2.89 

10-15-84 

19.5 

10-12-83 

19.5 

11-16-83 

13.9 

12-13-83 

2    9.20 

01-10-84 

2   9.06 

02-14-84 

2   8.32 

03-13-84 

2   8.32 

04-16-84 

215.7 

05-14-84 

72.0 

06-12-84 

97.0 

07-16-84 

63.7 

08-14-84 

20.6 

09-12-84 

12.7 

10-12-83 

17.3 

11-16-83 

18.1 

12-13-83 

15.9 

01-10-84 

12.2 

02-14-84 

10.7 

03-13-84 

9.62 

04-16-84 

20.1 

05-14-84 

125 

06-12-84 

71.6 

07-16-84 

42.2 

08-14-84 

23.5 

09-12-84 

23.5 

25 


Flathead  Creek 
at  mouth 


2h 


Cottonwood  Creek 
above  Slippery 
Creek 


27 


Cottonwood  Creek 
below  Little 
Cottonwood  Creek 


Lat  45°59*18",  long  110°39'ir, 
in  NW^NW^NEij.  sec.  30,  T.  3  N. , 
R.  9  E.,  Park  County,  at  bridge 
on  county  road,  0.2  mi  east 
of  U.S.  Highway  89,  at  Wilsall. 


Lat  45°59'17",  long  llO"^^", 
in  SW'-iSEitSWV  sec.  24,  T.  3  N. , 
R.  10  E.,  Park  County,  0.5  mi 
upstream  from  Slippery  Creek, 
1.3  mi  upstream  from  U.S.  Forest 
Service  boundary,  and  11  mi 
northeast  of  Clyde  Park. 


Lat  45°57'01",  long  110°27'10", 
in  NE^NWsSWi  sec.  2,  T.  2  N. , 
R.  10  E.,  Park  County,  at 
bridge  on  county  road,  8  1/2 
mi  northeast  of  Clyde  Park. 
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Table  11. — Site    descriptions  and  streamflow  measurements — Continued 


Site 
No.     Stream  name  Location 


28     North  Fork         Lat  45051*41",  long  110°53*07", 
Brackett  Creek       in  NW^SE^SWii  sec.  5,  T.  IN., 

R.  7  E.,  Park  County,  0.1  mi 
upstream  from  the  confluence 
with  the  Middle  Fork,  and  14 
mi  west  of  Clyde  Park. 


29     Middle  Fork        Lat  45°51'36",  long  110o53'13", 
Brackett  Creek       in  SE'-sSW^SWt  sec.  5,  T.  IN., 

R.  7  E. ,  Park  County,  at  culvert 
on  campground  road,  0.1  mi 
upstream  from  confluence  with 
North  Fork,  14  mi  West  of  Clyde 
Park. 


30     South  Fork         Lat  45°5r28",  long  110°52'51", 
Brackett  Creek       in  Nl^N^NE^  sec.  8,  T.  IN., 

R.  7  E. ,  Park  County,  at  bridge 
on  county  road  just  upstream 
from  the  confluence  with  Brackett 
Creek,  and  13  1/2  mi  west  of 
Clyde  Park. 


Discharge 

Date 

(ft3/s) 

10-13-83 

3.82 

11-18-83 

5.03 

12-14-83 

3.22 

01-11-84 

4.47 

02-15-84 

2.76 

03-13-84 

2.42 

04-16-84 

15.9 

05-15-84 

72.3 

06-13-84 

33.8 

07-17-84 

9.98 

08-15-84 

4.57 

09-13-84 

3.00 

10-13-83 

2.31 

11-18-83 

3.55 

12-14-83 

2.14 

01-11-84 

2.89 

02-15-84 

1.12 

03-13-84 

1.57 

04-16-84 

16.7 

05-15-84 

51.7 

06-13-84 

32.0 

07-17-84 

4.18 

08-15-84 

1.88 

09-13-84 

1.37 

10-13-83 

1.72 

11-18-83 

2.34 

12-14-83 

1.83 

01-10-84 

2.59 

02-14-84 

1.12 

03-13-84 

1.00 

04-16-84 

14.8 

05-15-84 

34.0 

06-12-84 

23.9 

07-17-84 

5.14 

08-15-84 

2.21 

09-12-84 

1.68 
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Table  I  {.-Site    descriptions  and  streamflow  measurements — Continued 


Site 
No. 


Stream  name 


Location 


Discharge 

Date 

(ft3/s) 

10-13-83 

7.53 

11-18-83 

10.6 

12-13-83 

7.19 

01-11-84 

9.95 

02-14-84 

5.00 

03-13-84 

4.99 

04-16-84 

47.4 

05-15-84 

158 

06-13-84 

89.7 

07-17-84 

19.6 

08-15-84 

8.21 

09-12-84 

6.56 

10-12-83 

12.8 

11-18-83 

12.2 

12-13-83 

12.5 

01-10-84 

25.9 

02-14-84 

10.9 

03-13-84 

9.51 

04-16-84 

44.1 

05-14-84 

223 

06-12-84 

127 

07-17-84 

23.4 

08-14-84 

13.3 

09-12-84 

11.8 

10-12-83 

15.1 

11-18-83 

17.5 

12-13-83 

16.0 

01-10-84 

26.9 

02-14-84 

14.0 

03-13-84 

11.0 

04-16-84 

51.5 

05-14-84 

216 

06-12-84 

138 

07-16-84 

21.8 

08-14-84 

13.7 

09-12-84 

12.3 

31 


Brackett 
Creek  above 
Weasel  Creek 


32 


Brackett    Creek 
above   Fox  Creek 


33 


Brackett  Creek 
near  Clyde  Park 
(discontinued 

gaged  site 

06194000) 


Lat  45°51'42",  long  110°50'17", 
in  NW^SW^SE^  sec.  3,  T.  IN., 
R.  7  E.,  Park  County,  at  U.S. 
Forest  Service  bridge  upstream 
from  Weasel  Creek,  11  1/2  mi 
west  of  Clyde  Park. 


Lat  45°52*24",  long  110°43'27", 
in  NWiNWiNW^  sec.  3,  T.  IN., 
R.  8  E.,  Park  County,  at  bridge 
to  Ward  Ranch,  just  upstream 
from  Fox  Creek,  6  mi  west  of 
Clyde  Park. 


Lat  45°52'00",  long  110o40'10", 
in  SW^SE^NFA,  sec.  1,  T.  IN., 
R.  8  E.,  Park  County,  near  right 
bank  on  upstream  side  of  private 
bridge,  3  1/2  mi  southwest  of 
Clyde  Park,  and  4  mi  upstream 
from  mouth. 
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Table  11. — Site  descriptions  and  streamflow  rr.easureirt5r.ts — Continued 


Site  Discharge 

No.      Stream  name               Location                     Date  (ftVs) 

34  Rock  Creek  below   Lat  45054'12",  long  110°25'57",      10-12-83  20.0 
Little  Rock  Creek    in  NW^SW^SW^  sec.  24,  T.  2  N. ,     11-16-83  18.0 

R.  10  E.,  Park  County  at  bridge    12-13-83  13.8 

on  county  road  0.75  mi  downstream  01-11-84  10.0 

from  Little  Rock  Creek,  and  8  1/2   02-14-84  9.20 

mi  east  of  Clyde  Park.            03-13-84  8.55 

04-16-84  22.3 

05-14-84  63.2 

06-12-84  69.0 

07-16-84  68.6 

08-14-84  48.6 

09-12-84  31.9 

35  Mission  Creek      Lat  45°37'22",  long  110°22,33",      10-14-83  9.19 
above  Little         in  NE^NE^NW-t,  sec.  33,  T.  2  S.,     11-17-83  11.9 
Mission  Creek        R.  11  E. ,  Park  County,  at          12-15-83  6.59 

culvert  on  county  road  upstream    01-12-84  8.14 

from  Little  Mission  Creek,  8  1/2   02-16-84  5.94 

mi  southeast  of  Livingston.        03-14-84  5.50 

04-18-84  18.8 

05-16-84  162 

06-13-84  58.3 

07-17-84  34.2 

08-15-84  12.3 

09-13-84  11.6 

36  Little  Mission     Lat  45°37,16",  long  110°22'30",      10-14-83  3.01 
Creek               in  SE^NE^NW1-!;  sec.  33,  T.  2  S.,     11-17-83  3.21 

R.  11  E.,  Park  County,  at  bridge    12-15-83  2.17 

on  county  road,  8  1/2  mi           01-12-84  4.39 

southeast  of  Livingston.           02-16-84  2.50 

03-14-84  3.98 

04-18-84  16.0 

05-16-84  95.2 

06-13-84  19.4 

07-17-84  8.05 

08-15-84  3.89 

09-13-84  3.33 
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Table    11. — Site    descriptions  and  streaiuflow  measurements — Continued 


Site  Discharge 


No.     Stream  name 


Location  Date      (ft3/s) 


37  Mission  Creek      Lat  45°37'24",  long  110o22'34",       10-14-83  4  12.2 
below  Little         in  NE^NE^NW1-;;  sec.  33,  T.  2  S.  ,     11-17-83  k   15.1 
Mission  Creek        R.  11  E. ,  Park  County,  down-       12-15-83  4  8.76 
near  Livingston      stream  from  Little  Mission         01-12-84  4  12.5 

Creek,  8  1/2  mi  southeast  of       02-14-84  "♦  8.44 

Livingston.                       03-14-84  4  9.48 

04-18-84  ■+  34.8 

05-16-84  4  257 

06-13-84  "  77.7 

07-17-84  4  42.2 

08-15-84  4  16.2 

09-13-84  •+  14.9 

38  Upper  Deer  Creek   Lat  45°42'08",  long  109°55'59",       10-13-83  7.52 

in  SW^NE^SE^  sec.  36,  T.  IS.,      11-17-83  7.82 

R.  14  E. ,  Sweet  Grass  County,      12-14-83  2  4.98 

at  private  crossing  on  creek,      01-11-84  11.4 

0.2  mi  downstream  from  the  west    02-15-84  5.59 

fork,  and  8  1/2  mi  southwest  of    03-14-84  7.09 

Greycliff.                       04-17-84  36.7 

05-15-84  344 

06-13-84  61.2 

07-17-84  10.3 

08-15-84  4.90 

09-13-84  4.29 

39  Lower  Deer  Creek   Lat  45°41'59",  long  109°52'49",      10-13-83  7.29 

in  SW^S^SE^  sec.  4,  T.  2  S.,      11-17-83  7.12 

R.  15  E.,  Sweet  Grass  County,      12-14-83  5.81 

at  private  bridge  crossing         01-11-84  12.0 

just  upstream  from  Log  Cabin       02-15-84  5.88 

Creek,  7  mi  southwest  of           03-14-84  7.80 

Greycliff.                        04-17-84  19.9 

05-15-84  238 

06-13-84  70.7 

07-17-84  20.3 

08-15-84  9.10 

09-13-84  7.54 
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Table  11.--:  ite     '.ascriptions  and  streamflow  measurements — Continued 


Sice 
No.     Stream  name  Location 


AO     Bridger  Creek      Lat  A5o39'08",  long  109°A6'22", 

in  NE^V^NE^  sec.  20,  T.  2  S.  , 
R.  16  E.,  Sweet  Grass  County, 
at  county  road  below  the  Forks, 
8  mi  south  of  Greycliff. 


Discharge 

Date 

(ft3/s) 

10-13-83 

2.88 

11-17-83 

2.52 

12-14-83 

2.20 

01-11-84 

A. 71 

02-15-84 

5.65 

03-14-84 

A. 19 

OA-17-84 

10.9 

05-15-84 

122 

06-13-84 

18.6 

07-17-84 

4.69 

08-15-84 

2.70 

09-13-84 

2.08 

Discharge  determined  from  rating  table. 
"-    Estimated. 

3  Partly  estimated. 

4  Discharge  obtained  by  adding  discharge  at  sites  35  and  36. 
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